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PREFACE TO TUE SECOND EDITION. 


Tr it was true that no apology was necessary in presenting 
a work on Aluminium in English, as stated in the preface to the 
first edition of this book, it is equally true that still less apology 
is necessary in offering an improvement on that work. 

The present volume is designed to be an improvement on 
the former one in the following respects: Mistakes have been 
corrected wherever detected by the author or pointed out by 
his friends ; in some instances the order of treatment of different 
parts has been revised, so as to bring them into strict, logical 
sequence ; the more strictly historical processes are described in 
greater detail, in order to preserve a complete record of the rise 
of the aluminium industry ; chapters have been added treating 
on the properties and the preparation of aluminium compounds, 
on the theoretical aspect of the reduction of aluminium com- 
pounds, and on the analysis of commercial aluminium and its 
common alloys; the original chapters have been in several cases 
sub-divided, and every part treated more by itself and in greater 
detail than before; finally, additions have been made throughout, 
recording and describing the progress achieved in the last three 
years, with a completeness which it is hoped is up to the stand- 
ard of the rest of the book. 
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The method of treatment in the present edition will be found 
to be more critical, for wherever a reasonable doubt might be 
expressed as to the correctness of certain claims, or a rational 
explanation advanced for certain phenomena, the author has not 
hesitated to put his best thought on the question and to state 
his conclusions unreservedly. 

The friendly criticisms of the scientific press and their sug- 
gestions have been kept in view in preparing this new edition. 
The spelling “aluminium” has been retained, because no sufficient 
reasons have been advanced for changing it to “aluminum ;” and 
even if each way was equally old and as well-sanctioned by 
usage and analogy as the other, the author’s choice would be the 
longer spelling, as being more euphonious and agreeable to the 
ear. 

It has been the author’s endeavor to make this volume as 
complete as possible, as accurate as possible, to write it in a 
manner which will be entertaining to the general reader, and to 
furnish a treatise which will be of practical value to the practical 
metallurgist as well as of scientific merit where it touches on 
matters of theory. 

JW. R. 


Betu.enem, Pa., March 12, 1890. 


PREFACE TO THE FIRST EDITION. 


No apology is necessary in presenting a work on aluminium 
in English, In 1858 Tissier Bros. published in France a small 
book on the subject. H. St. Claire Deville, the originator of 
the aluminium industry, published a treatise, also in French, in 
1859. Deville’s book is still the standard on the subject. Until 
December, 1885, we have an intermission, and then a work by 
Dr. Mierzinski, forming one of Hartleben’s Chemisch-Technische 
Bibliothek, which is a fair presentation of the industry up to 
about 1883, this being a German contribution. Probably be- 
cause the English speaking people have taken comparatively 
little hand in this subject we find no systematic treatise on 
aluminium in our language. The present work aims to present 
the subject in its entirety to the English reader. 

Tissier, Deville, Mierzinski, and the German, French, and 
English scientific periodicals have been freely consulted and 
extracted from, full credit being given in each case to the author 
or journal. As this art has of late advanced so rapidly it has 
been a special aim to give everything that has been printed up 
to the time of publication. 

The different parts of the work are arranged in what seemed 
their logical order, corresponding closely to that followed by 
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Deville. The Appendix contains an aceount of laboratory 
experiments, etc., several of which, it is trusted, may be of 
value. 

In conclusion, the author wishes to thank the faculty of his 
“Alma Mater,” Lehigh University, for their permission to use 
his Thesis on Aluminium as the basis of this treatise ; also, 
to acknowledge his indebtedness to Dr. Wm. H. Greene, of 
Philadelphia, for assistance rendered in the preparation of the 
work for the press. 

J.W. R. 


Puivapetruia, November 25, 1886. 
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potassium or aluminium chloride used in excess. At that 
tim ino further use was made of these facts. Later, in 1845, on 
malting vapor of aluminium chloride pass over potassium placed 
.in platinum boats, Wéhler obtained the metal in small, malleable 
globules of metallic appearance, from which he was able to deter- 
mine the principal properties of aluminium, But the metal thus 
obtained was scarcely as fusible as cast iron, without doubt 
because of the platinum with which it had alloyed during its 
preparation. In addition to this, it decomposed water at 100°, 
from which we suppose that it was still impregnated with potas- 
sium or aluminium chloride. It is to H. St. Claire Deville that 
the honor belongs of having, in 1854, isolated aluminium in a 
state of almost perfect purity, determining its true properties. 

Thus, while aluminium had been isolated in 1827, for eighteen 
,years its properties en masse were unknown, and it was only at 
the end of twenty-seven years after its discovery that the true 
properties of the pure metal were established by Deville. The 
second birth of aluminium, the time at which it stepped from the 
rank of a curiosity into the number of the useful metals, dates 
from the labors of Deville in 1854. If Wohler was the dis- 
coverer of aluminium, Deville was the founder of the aluminium 
industry. 

In commencing researches on aluminium, Deville, while he 
applied the method of Wéhler, was ignorant of the latter’s results 
of 1845. Besides, he was not seeking to produce aluminium 
that he might turn its valuable properties to practical account, 
but that it might serve for the production of aluminium prot- 
oxide (AlO), which he believed could exist as well as ferrous 
oxide (FeO). The aluminium he wished to prepare would, he 
thought, by its further reaction on aluminium chloride, form alu- 
minium proto-chloride (AICI?) from which he might derive the 
protoxide and the other proto-salts. But on passing vapor of alu- 
minium chloride over the metallic powder formed by reduction 
by potassium, this proto-chloride was not thus produced; he 
obtained, inclosed in a mass of aluminium-potassium chloride 
(APCI*.2KCl), fine globules of a brilliant substance, ductile, malle- 
able, and very light, capable of being melted in a muffle without 
oxidizing, attacked by nitric acid with difficulty, but dissolved 
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metal thus obtained. At that time Thénard, Boussingault, 
Pelouze, Peligot, and later, de-la~-Rive, Regnault and other well- 
known scientists shared the honor of assisting in the laboratory 
experiments. Deville sent, in the following May, a mass of 
five or six grammes weight to Liebig, making no secret of the 
fact that it was reduced by the battery; while Balard, at the 
Sorbonne, and Fremy, at the Ecole Polytechnique, publicly re- 
peated his experiments and explained them in all their details. 
Although these experiments succeeded quite well, yet, because of 
the large consumption of zinc in the battery used the process 
could evidently not be applied industrially, and Deville felt 
obliged to return to the use of the alkaline metals, 

Towards the middle of 1854, Deville turned to sodium, with- 
out a knowledge of those properties which render it so pref- 
erable to potassium, but solely because of its smaller equivalent 
(23 to that of’ potassium 39) and the greater cheapness of soda 
salts. He studied the manufacture of sodium, with the aid of 
M. Debray, in his laboratory at the Ecole Normale, and their 
experiments were repeated at Rousseau Bros.’ chemical works at 
Glaciere, when they were so successful that Rousseau Bros. very 
soon put metallic sodium on the market at a much reduced 
price, It is said that while metallic sodium was a chemical 
curiosity in 1855, costing something like 2000 francs a kilo, its cost 
in 1859 is put down at 10 frances, Deville carried this process to 
such perfection that for twenty-five years it remained almost pre- 
cisely at the status in w lie left it in 1859. In order to still 
further cheapen aluminium, Deville busied himself with the 
economic production of alumina, which gave later a lively im- 
pulse to the eryolite and bauxite industries. 

On August 14, 1854, Deville read a paper before the Aca- 
demy describing his electrolytic methods at length (see under 
“ Reduction by Electricity”), showing several small bars of the 
metal and also stating some of the results already achieved by 
the use of sodium but not going into details, since he believed 
that numerous analyses were necessary to confirm these results— 
which he was unable to have made with the funds at his disposal. 
He also stated that the desire to show, in connection with his 
asvertions, interesting masses of the metal, alone prevented the 
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chloride. The members and large audience were loud in their 
admiration and surprise at the beauty of the metal. Dumas 
stated that the experiments at Javel had put beyond a doubt 
the possibility of extracting aluminium on a large scale by prac- 
tical processes. Deville’s paper was then read, describing all his 
processes in detail, and concluding with the following words: 
“ After four months of work on a large scale, undertaken with- 
out responsibility on my part, and, in consequence, with the tran- 
quillity and repose of mind which are so often wanting to the 
investigator ; without the preoccupation of expense, borne by his 
Majesty the Emperor, whose generosity had left me entire liberty 
of action ; encouraged each day by distinguished men of science, 
—I hope to have placed the aluminium industry on a firm basis.” 

It was the metal made at this time at Javel which was ex- 
hibited at the Paris Exposition in 1855. In the Palais de In- 
dustrie, among the display from the porcclain works at Sevres, 
were ingots and some manufactured objects. The first article 
made of aluminium was, in compliment to the Emperor, a baby- 
rattle for the infant Prince Imperial, for which purpose it must 
have served well because of the sonorousness of the metal. 

After terminating these experiments, Deville continued work- 
ing at the Ecole Normale, the Emperor defraying his expenses, 
until April, 1856. The memoir published in the “ Ann. de Chim, 
et de Phys.,” April, 1856, contains, besides the results obtained at, 
Javel, the improvements devised in the meantime. 

It appears that when Deville first went to Javel, he had for 
assistants the Tissier Brothers, who were charged by M. de Sus- 
sex to give him all the aid they could. Since the previous autumn 
the Tissiers had been experimenting on sodium furnaces, and 
now, in concert with Deville, they drew up plans for furnaces, 
and aided in devising other apparatus. Under these circum- 
stances the furnace for the continuous manufacture of sodium in 
eylinders was devised, which the Tissiers claim Deville strongly 
advised them to make their property by patenting, asking only 
from them the use of it for his experiments. So, immediately 
after the experiments were ended, in July, the Tissiers patented 
the furnace in question, and, leaving Paris, took charge of M. 
Chanu’s works at Rouen, On the other hand, Deville always 
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whose experiments on the reduction of cryolite by sodium were 
quite successful, and are herein described later on. 

As early as 1856 we find an article in an American magazine* 
showing that there were already chemists in the United States 
spending time and money on this subject. The following is the 
substance of the article alluded to: “Within the last two years 
Deville has extracted 50 to 60 lbs. of aluminium. At the pre- 
sent time, M. Rousseau, the successor of Deville in this manu- 
facture, produces aluminium ‘which he sells at $100 per pound. 
No one in the United States has undertaken to make the metal 
until recently Mons. Alfred Monnier, of Camden, N. J., has, ac- 
cording to the statement of Prof. James C. Booth in the ‘Penn. 
Inquirer,’ been successful in making sodium by a continuous pro- 
cess, so as to procure it in large bars, and has made aluminium 
in considerable quantity, specimens of which he has exhibited to 
the Franklin Institute. Mons. Monnier is desirous of forming a 
company for the manufacture of aluminium, and is confident 
that by operating in a large way he can produce it at a much 
less cost than has heretofore been realized. We would suggest 
the propriety of giving aid to this manufacturer at the expense of 
the government, for the introduction of a new metal into the arts 
is a matter of national importance, and no one can yet realize the 
various and innumerable uses to which this new metal may be 
applied. It would be quite proper and constitutional for Con- 
gress to appropriate a sum of moncy to be expended under the 
direction of the Secretary of the Treasury in the improvement of 
this branch of metallurgy, and in testing the value of the metal 
for coinage and other public use.” 

In the next volume of the “ Mining Magazine”t there is a long 
article by Mr. W. J. Taylor, containing nothing new in regard 
to the metallurgy of aluminium, but chiefly concerned in caleu- 
lating theoretically the cost of the metal from the raw materials 
and labor required by Deville’s processes, and concluding that it 
is quite possible to make it for $1.00 per pound. 

In 1859 the first aluminium works in England were started at 


* Mining Magazine, 1856, vii. 317. 
t Mining Magazine, viii, 167 and 228. Proc. Ac. Nat. Sci., Jan. 1857. 
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had ever touched ; but in November, 1889, they captured the 
aluminium market by cutting the price to $2.00, for which 
achievement Mr. Hall is to be heartily congratulated. 

While the electrolytic processes so far considered use a fluid 
bath and operate at moderate temperatures with a current of 
moderate intensity, there have been devised two other prominent 
processes which operate in a somewhat different manner and at- 
tain to very economical results. These primarily depend on the 
enormous tempcraturé attainable by the use of a powerful electric 
are, and secondarily on the reduction of alumina (which at the 
temperature attained becomes fluid) either by the reducing action 
of the carbon present or by simple electric decomposition. 
Which of these two agencies performs the reduction, in either 
process, is still an unsettled question which we will discuss later 
on. 

Before going further with the history of these two processes, 
Cowles’ and Heroult’s, it may not be inappropriate to take note 
of a few facts antecedent to their appearance. It is well known 
that Sir W. Siemens devised an electric furnace in which the heat 
of the are was utilized for melting steel. In 1882, Mr. Ludwig 
Grabau, in Hanover, Germany, purchased a Siemens furnace 
for the express purpose of attempting the réduction of alumina, 
and after experimenting successfully for some time, modified the 
apparatus so as to work it continuously, and therewith made 
aluminium alloys; but on account of the difficulties of the pro- 
cess and the impurity of the alloys produced, Mr. Grabau gave 
up the experiments, having come tu the conclusion that alumin- 
ium alloys to be technically valuable should be obtained in a 
state of almost chemical purity. In the beginning of 1885, Dr. 
Mierzinski, in his book on aluminium, presented some very striking 
remarks on the use of the electric furnace, which are so much to 
the point that they are well worth quoting in this connection : 
“The application of electricity for producing metals possesses the 
advantage not to be ignored that a degree of heat may be attained 
with it such as cannot be reached by a blowpipe or regenera- 
tive gas-furnace. The highest furnace temperature attainable is 
2500° to 2800° C., but long before this point is reached the com- 
bustion becomes 20 languid that the loss of heat by radiation 
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has the merit of having been first in the field, the Heroult has 
the advantage of more practical and economical application. 

Among the many other aluminium processes and companies 
which have been projected within the last few years, we notice 
prominently the Alliance Aluminium Company of London, Eng- 
land, organized in the early part of 1888. Having a nominal capi- 
tal of £500,000, it is said to own the English, German, French, and 
Belgian patents of Prof. Netto, of Dresden, for the manufacture 
of sodium and potassium and the reduction of cryolite thereby ; 
the patents of Mr. Cunningham for methods of reduction of the 
same metals; and methods devised by Prof. Netto and Dr. 
Saloman, of Essen, for producing aluminium of great purity on 
acommercial scale. The two latter named gentlemen are said to 
have invented their processes after long experimenting at Krupp’s 
works at Essen ; and, since the apparatus used was mounted on 
trunnions, many rumors have been spread by the newspapers that 
aluminium was being made (by tons, of course) in a Bessemer con- 
verter by Krupp, of Essen. Prof. Netto reduces sodium by a 
continuous process, by allowing fused caustic soda to trickle over 
incandescent charcoal in a yertical retort, the apparatus contain- 
ing many ingenious details and giving promise of being quite 
economical. One method of using the sodium in reduction con- 
sists in the use of a plunger to which bars of sodium are attached 
and held at the bottom of a crucible full of ,molten cryolite ; 
another depends on the use of a revolving cylinder in which’ the 
eryolite and sodium react, and appears more chimerical than 
Netto’s other propositions, This latter device, however, is said 
to be in operation at Essen, though with what success we cannot 
learn. 

In June, 1888, “Engineering” stated that the Alliance Com- 
pany were located at King’s Head Yard, London, E. C., and 
that several small reduction furnaces were being operated, cach 
producing about. 50 Ibs. of aluminium a day, estimates of the 
cost at which it was made giving 6 to 8 shillings per pound. In 
the early part of 1889 there seems to be a division of the original 
company. The “Alkali Reduction Syndicate, Limited” have 
leased ten acres of ground at Hepburn on which to erect a plant 
for working Cunningham's sodium patents, the sodium produced 
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most sanguine hopes for the future. Indeed, it seems more than 
half true that already “aluminium—the metal of the future, is 
transformed into aluminium—the metal of the present.” 


STATISTICAL. 


The following table shows the price at which aluminium has 
been sold since it was first placed on the market. 


Date. Place. Per kilo. Per pound. 
1856 (Spring) Paris =. =. ss 1000 fr. $90.90 
1856 (August) sy tee 35 B00 27.27 
1859 “ wing og hy ROO 17.27 
1862 “ eo ee BONE ALS 
1862 Newoatle 9. . 11.75 
1878 Paris =. .  . «180% 1.75 
1886 © . » * . 12.00 
1887 Bremen 2 wee 8.00 
1888 London 2 we 4.84 
1389 Pittsburgh 5 wk 2.00 


The selling price of aluminium bronze has until recently de- 
pended directly on the price of pure aluminium, since the bronze 
was made by simply uniting the two metals, but since electrical 
methods of obtaining the bronze directly have been used the 
alloy has been sold at a price for the contained aluminium much 
below what pure aluminium céuld be bought for. The ten per 
cent. bronze has been sold as follows :— 


Date. Place. Perkilo. Per pound. 
1878 Paris. www 18,00 fr, BLE 
1885 Cowles Bros. . . «4.50% 0.40 
1888 ach af, . . . . 3.85" 0.35 
1888 Heroult process, Neuhausen . 3.30 ** 0.30 


It is almost impossible to estimate how much aluminium has 
been made since Deville first started the industry. The following 
figures of annual outputs are gleaned from various sources, sume 
of them being of doubtful accuracy. 
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CHAPTER II. 
OCCURRENCE OF ALUMINIUM IN NATURE. 


THERE is no other metal on the earth which is so widely scat- 
tered and occurs in such abundance, 

Aluminium is not found metallic. Stocker* made the state- 
ment that aluminium occurred as shining scales in an alumina 
formation at St. Austel, near Cornwall, but he was in error. But 
the combinations of aluminium with oxygen, the alkalies, fluorine, 
silicon, and the acids, etc., are so numerous and occur so abund- 
antly as not only to form mountain masses, but to be also the 
bases of soils and clays. Especially numerous are the combina- 
tions with silicon and other bases, which, in the furm of felspar 
and mica, mixed with quartz, form granite. 

These combinations, by the influence of the atmosphere, air, 
and water, are decomposed, the alkali is replaced or carried away, 
and the residues form clays, The clays form soils, and thus the | 
surface of the earth becomes porous to water and fruitful. It is. 
a curious fact that aluminium has never been found in animals or 
plants, which would seem to show that it is not necessary to their 
growth, and perhaps would act injuriously, if it were present, by 
its influence on the other materials. Most of the aluminium 
compounds appear dull and disagreeable, such as felspar, mica, 
pigments, gneiss, amphibole, porphyry, eurite, trachyte, ete. ; yet 
there are others possessing extraordinary lustre, and so beautiful 
as to be classed as precious stones. Some of these, with their 
formule, are :— 


Ruby 5 eee ANOS 
Sapphire... eee MOF 
Garnet... eee (Ca Mg. Fe. Mn)Al85208 
Cyanite. . ee eee AMSIOS 





* Journ. fr. prakt. Chem., 66, p. 470. 
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traces of lime, magnesia, sulphuric, phosphoric, titanic and van- 















































adic acids. 
how | 8 e. a. e f. 
ams... . .! 600 | 75.0 | 63.16 | 7287 | 44.4 | 541 
Feos 2 2 1. | 25.0 | 120 | 23.55 | 13.49 | 30.3 | 10.4 
Sih, 80 10 ; 15.0 | 120 
KE and NatO — — . ey a 
BOL... +] 0 | 120 | 9.7 | 29.9 
0. a t k t m. 
aor... . . . | 646 | 29.80 | 4842] 43.44 | 61.29 | 45.76 
Feos 2... |] 20 3.67 | 2.36 | 211 | 1.96 | 18.96 
Bie, | 7.8 | 44.76 | 7.95 | 15.05 | 6.01 | 6.41 
KO and Nato. | — = — — — 0.38 
HO... . . .| 247 | 13.86 | 40.33 | 35.70 | 27.82 | 27.61 
? a 
n. o. P. a rn 
ANOS. 8 KE 76.3 49.02 | 73,00 
Foto. 2. | TT 6.2 12.90 4.26 
SiO. | aad 11.0 10.27 215 
K#0 and Nato : — — 0.31 — 
HO... 2. .| 32.33 264 25.91 | 18.66 











Index :— 


aand b. 
e 
d 
e 


ft 





A 
a 
k 
“ 
m 


pand 9. 


and n. 


from Beaux (Deville). 
dark) Wocheinite (Drechsler). 

light J s 

red brown 

yellow } enue from Felsstritz (Schnitzer). 
white 


white Wocheinite (L. Mayer and 0. Wagner). 
Beauxite from Irish 
“Co, Antrine (Spruce). 
“ @ Glenravel (F. Hodges). 
“4 Hadamar (Hesse) (Retzlaff). 

from Klein-Steinheim (Bischof). 

from Langsdorff (1. Lang). 

Beauxite from Dublin, Ireland, brought to the Laurel Hill Chemical 
Works, Brooklyn, L. I., and there used for making alums. It is 
dirty white, hard, dense, compact, and in addition to the ingre- 
dients given above contains 0.59 per cent. of lime, and some titanic 
acid. It costs 86 per ton laid down in the works. The above 
analysis, made by Mr. Jotiet, is furnished me by the kindness of 
the superintendent of the works, Mr. Herreshoff. 
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CRYOLITE, 


Cryolite was first found at Ivigtuk in Arksut-fiord, west coast 
of Greenland, where it constitutes a large bed or vein in gneiss. 
It was very rare even in mineralogical collections until 1855, when 
several tons were carried to Copenhagen and sold under the name 
of “soda mineral.” It is a semi-transparent, snow-white mineral. 
When impure it is yellowish or reddish, even sometimes almost 
black. It is shining, sp. gr. 2.95, and hardness 2.5 to 3. It is 
brittle, not infrequently contains ferrous carbonate, sulphide of 
lead, silica, and sometimes columbite. It is fusible in the flame of 
a candle, and on treatment with sulphuric acid yields hydrofluoric 
acid. As will be seen further on, cryolite was first used by the 
soap-makers for its soda; it is still used for making soda and 
alumina salts, and to make a white glass which is a very good 
imitation of porcelain. The Pennsylvania Salt Company in 
Philadelphia import it from Ivigtuk by the shipload for 
these purposes ; lately they have discontinued making the glass. 
Cyrolite is in general use as a flux. A very complete description 
of the deposit at Ivigtuk can be found in Hoffman’s “ Chemische 
Industrie.” 

Pure cryolite contains— 





Alominium é Fa 3 > Fs é . 13.0 
Fluorine =. Py 2 + € . * “ . 54.5 
Sodium. « . . . . . ‘ . 32.5 

100.00 


Or otherwise stated— 


Aluminium finoride . . . . + + 40.25 
Sodium fluoride . . . . . . « 59.75 
100,00 


From the reports in the Mineral Resources of the United 
States we find that there was imported by the Pennsylvania Salt 
Company in 1887, 11,732 tons, which was valued at nearly 
$15 a ton. The importers say this value is too low; they sell 
what they call pure prepared cryolite at $125 ton. This so 
called pure article was found by Prof. Rogers, of Milwaukee, to 
contain 2 per cent. of silica and 1 per cent. of iron. 
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A few years more, however, of increasing familiarity with and 
handling of the metal on a large commercial scale will, I believe, 
cause the effect of foreign elements on aluminium to be as plainly 
recognized as is now the case with carbon and the metalloids in 
iron. In general, we may say that silicon seems to play a rélein 
aluminium closely analogons to that of carbon in iron ; the purest 
aluminium is fibrous and tough, but a small percentage of silicon 
makes it crystalline and brittle. Carbon, moreover, is said to be 
dissolved by molten aluminium and to modify its properties 
quite materially ; yet, if so, almost nothing more is known about 
its influence than this unsatisfactory statement. Here is excel- 
lent room for work for some investigator who, as Hampe has 
done with copper, will prepare the purest aluminium, and by 
adding to it known impurities tell us precisely, beyond doubt, how 
these various foreign elements affect its properties. 

The following analyses will show the amount of impurities pres- 
ent in commercial aluminium, and also, incidentally, the im- 
provement which has been achieved since the beginning of the 
industry in 1854 :— 








Alamiolom, Silicon, Tron. 
1, Deville Process =... 88.350 2.87 2.40 
2. t = . + 92.500 0.70 6.80 
3. NG sd . . + 92.000 0.45, 7.55 
46 & se 92,969 2.149 4.88 
Bo +. 5 94.700 3.70 1.60 
6 oH 2 e+ 96,160 0.47 3.37 
7. Tissier Bros. fe 94,800 0.80 440 
8. Morin & Co., Nanterre. 97.200 0.25 2.40 
9. “ “ + 97,000 2.70 0.30 
10. “ “ 7 290 0.04 1.67 
i. “ “ oot 012 2.20 
12, Merle & Co., Salindres . 0.454 3.293 
13. “ “ a 1.270 1.840 
4. “ “ 3 1.00 1.30 
15. “ ad . . 0.40 1.40 
16, Frishmuth =. a Ss 1.90 0.61 
mo ste i i 1.70 0.55 
18, Hall's Process . Fi . 1.34 0.32 

19. Deville-Castner =. |. (99.20 0.50 0.30 

20, Grabau Process... -(99.62 0.23 0.15 


21. * a . . + 99.80 0.12 0.08 
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One sample of aluminium analyzed by Professor Rammelsberg 
contained as much as 10.46 per cent. of silicon, and another 
sample even 13.9 per cent. The quantity of iron varied from 
2.9 to 7.5 per cent. 

M. Dumas found that aluminium usually contains gases, about 
which he makes the following statements :* On submitting alu- 
minium in a vacuum to the action of a gradually increasing tem- 
perature up to the softening point of porcelain, and letting the 
mercury pump continue acting on the retort until it was com- 
pletely exhausted, considerable quantities of gas were withdrawn." 
The liberation of the gas from the metal seems to take place sud- 
denly towards a red-white heat. 200 grammes of aluminium, oc- 
cupying 80 c.c., gave 89.5 c.c. of gas, measured at 17° and 755 
mm. pressure. The gas consisted of 1.5 ¢.c. carbonic acid, and 
88 c.c. hydrogen. Carbonic oxide, nitrogen and oxygen were 
absent. 

The author has observed that molten aluminium will absorb 
large quantities of gas. On passing sulphuretted hydrogen into 
the melted metal for about twenty minutes some aluminium sul- 
phide was formed while the metal appeared to absorb the gas. 
On pouring, the metal ran very sluggishly with a thick edge, but 
when just on the point of setting gas was disengaged so actively 
that the crackling sound could be heard several feet away, and 
the thick metal became suddenly quite fluid and spread over the 
plate in a thin sheet. The gas disengaged seemed by its odor to 
contain a good proportion of sulphuretted hydrogen, although 
free hydrogen may have been present in it. 


Conor. 


Deville: The color of aluminium is a beautiful white with a 
slight blue tint, expecially when it has been strongly worked. 
Being put alongside silver, their color is sensibly the same. 
However, common silver, and especially that alloyed with copper, 
“has a yellow tinge, making the aluminium look whiter by com- 
parison, Tin is till yellower than silver, so that aluminium pos- 
sesses a color unlike any other useful metal. 





* Comptes Rendae xe. 1027 (1880). 
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Harpyes. 





The purest aluminium is distinctly softer than the emmervial, 
estimated) on the scale of hardness proposed by Mohs it would 
be written as about 2.5, that is, a little harler than ean be 
seratched by the nail. It is not sv sutt as pure tin, The presence 
of impurities, however, rapidly increas~ the hardness. While 
juminium can be cut smoothly with the knife and 
in, yet {5 per cent. metal 
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AxaLtate, Sproiric oxavitr, 
Alumiotum, Silicon, Tron. Obnerved. 
97.60 0.60 1.80 2.735 2.61 (2.64) 
95.93 2.01 2.06 2.800 2.61 (2.69) 
94.16 4.36 1.48 2.754 2.59 (2.74) 
7B. 16.— 4— 2.85 2.66 


It is seen in each case that the calculated specific gravity is 
much less than the observed, which would show contraction in 
volume by alloying. Indeed, this is a prominent characteristic 
of aluminium alloys, aluminium often taking up several per cent. 
of its weight of another metal without its volume being increased, 
the particles of the other metal seeming to pass between those of 
the aluminium ; thus probably accounting for the extraordinary 
strength and closeness of many of the aluminium alloys. This 
subject is treated more at length in the chapter on alloys. We can 
see the large contraction taking place by inspecting the numbers 
in parentheses under the heading “Calculated.” These are 
computed on the supposition that the volume of the impure alu- 
minium is equal to that of the pure aluminium entering into it. 
As these numbers are also less than the observed specific gravi- 
ties, the extraordinary fact is shown that aluminium can absorb 
several per cent. of iron and silicon and yet will decrease in 
volume in doing so.” 

The remarks thus far made are based on the gravity of cast 
metal. Aluminium increases in density by being worked ; De- 
ville states that metal with a specific gravity of 2.56 had this 
inereased to 2.67 by rolling, which, he says, may explain the 
differences existing in its properties after being annealed or 
worked. He remarked further that heating this rolled metal to 
100°, and cooling quickly changed its specific gravity very little, 
lowering it to 2.65. I have observed that on heating a piece of 
aluminium almost to its fusing point and suddenly chilling it in 
water, its specific gravity was lowered from 2.73 to 2.69. 

The low specific gravity of aluminium, when compared to those 
of the other metals, is (in the words of a recent lecturer) “the 
physical property on which our hopes of the future usefulness of 
aluminium chiefly rest.” The following table will facilitate this 
comparison :— 
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a large percentage, the metal can hardly be made fluid at any 
heat, it is rather puzzling to see why the absolutely pure metal 
should be less fusible than the commercial metal, as is remarked 
by Mallet. It may be that the small percentages of iron and 
silicon present in a high grade of commercial metal act in a man- 
ner contrary to the effect of larger percentages, as is known to be 
true in a few instances with the impurities present in other 
metals, but we have no definite information to bring forward on 
this point. 
VOLATILIZATION. 


Deville: Aluminium is absolutely fixed, and loses no part of 
its weight when it is violently heated in a forge fire in a carbon 
crucible. 

This statement was made in 1859, and can still be accepted as 
true as far as ordinary furnace temperatures are concerned. But, 
with the use of the electric furnace, temperatures have been at- 
tained at which aluminium does sensibly volatilize. In Cowles 
Bros, clectric furnace it is stated that the aluminium is almost all 
produced as vapor and as such is absorbed by the copper or iron 
present, when these are not present it is found condensed in the 
cooler upper-part of the furnace. A similar experience has been 
met in other electric furnace processes, so that the volatilization 
of aluminium at these extreme temperatures may be accepted as 
a fact. 


Opor. 


Deville: The odor of pure aluminium is sensibly nothing, but 
the metal strongly charged with silicon will exhale the odor of 
silicuretted hydrogen, exactly represented by the odor of cast 
iron. But even under these unfavorable circumstances, the smell 
of the metal is only appreciable to persons experienced in judging 
very slight sensations of this kind, 


Taste. 


Deville: Pure aluminium has no taste, but the impure and 
odorous metal may have a taste like iron, in any case only very 
slight. 
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notes being recognized, A sharp and D sharp, the latter more 
subdued. 


CRYSTALLINE Form. 


Deville: Aluminium’ often presents a crystalline appearance 
when it has been cooled slowly. When it is not pure the little 
crystals which form are needles, and cioss cach other in all 
directions. When it is almost pure it still crystallizes by fusion 
but with difficulty, and one may observe on the surface of the 
ingots hexagons which appear regularly parallel along lines which 
centre in the middle of the polygon. It is an error to conclude 
from this observation that the metal crystallizes in the rhombo- 
hedral system, It is evident that a crystal of the regular system 
may present a hexagonal section ; while on the other hand, in 
preparing aluminium by the battery at a low temperature, I 
have observed complete octahedrons which were impossible of 
measurement it is true, but their angles appeared equal. 


Evasticity. 


Deville: M. Wertheim has found that the elasticity of alumin- 
ium just cast is sensibly the same as that of silver; but when 
worked it resembles that of soft iron, becoming more rigid and 
elastic, and giving the sound of steel when dropped on a hard 
body. 

Mallet remarked that absolutely pure aluminium seemed to be 
less hardened by hammering than ordinary commercial metal. 
A German firm engaged in making aluminium state that by 
long, gradual cooling from a red heat aluminium can be made 
so clastic that it can even be used for hair springs for watches. 
Annealing by cooling quickly from a red heat makes the metal 
soft. Aluminium stiffens up very quickly in rolling; the author’s 
father has found the best means of removing this is to heat the 
metal red hot and plunge into water. Metal thus treated becomes 
very soft. Fine wire quickly becomes hard in drawing, but can 
be annealed in the heat over an argand burner, 
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however, undoubtedly nearer the truth for good aluminium, since 
tests of the metal made by the Deville-Castner process average 
25,000 to 30,000 Ibs. per square inch, being in general higher 
than the figure given by Barlow. 


MALLEABILITY. 


Deville: Aluminium may be forged or rolled with as much 
perfection as gold or silver. It is beaten into leaves as easily as 
they, and a very experienced gold-beater, M. Rousseau, has made 
leaves as fine as those of gold or silver, which are put up in 
hooks. I know of no other useful metal able to stand this treat- 
‘ment. 

Mallet: With absolutely pure aluminium the malleability was 
undoubtedly improved, the metal yielding casily to the hammer, 
bearing distortion well, and flattening in two or three directions 
without cracking. It seemed to be sensibly less hardened by 
hammering than the ordinary metal of commerce. 

Commercial aluminium is now to be had rolled into sheets of 
almost any size or thickness, and at only a small advance on the 
price of ingot metal. The only particulars in which it differs’ 

“much trom other metals being that it must be annealed much 
oftener, and requires an extraordinarily large power to roll it. 
Mr. J. Richards compares the cold rolling of aluminium to the 
hot rolling of steel in regard to the power required ; he also finds 
that unless the sheet is rolled until quite hard it docs not polish 
in the rolls. 

The aluminium leaf is now in regular use with gilders and 
decorators. It was first made by M. Degousse, of Paris, and 
afterwards for several years by C. Falk & Co., of Vienna. The 
manufacture is rather more difficult than beating out gold or 
silver, and requires also a pure metal to stand the working. A 
specimen’ such as is sold commercially was measured by the 
author. He found its thickness to be 0.000,638 millimetres or 
one-forty thousandth of an inch, which compares favorably with 
that of ordinary gold leaf. It is quite possible that if a test were 
made with extra pure metal, this result would easily be exceeded. , 
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Spectric Heat. 


Deville: According to the experiments of M. Regnault, the 
specific heat of aluminium corresponds to its equivalent 13.75, 
frum which we may conclude that it must be very large when com- 
pared with all the other useful metals. One can easily perceive 
this curious property by the considerable time whieh it takes an 
ingot of the metal to get cold. We might even suggest that a 
plate of aluminium would make a good chating-lixh. Another 
experiment makes this conclusion very evident. M. Panl Morin 
had the idea of u-ing aluminium for a plate on which to cook eggs, 
the sulphur of which attacked silver so easily; and he obtained 
exvellent results. He noticed, also, that the plate kept its heat a 
much longer time than the silver one. 

The vale of this quantity has been quoted differently by 
different authorit! Regnault obtained 0.2143 as the mean 
between 0° and 100°, while Kopp obtained 0.2020. In the first 
ease Deville remarks that the metal he gave Regnault was unfor- 
tunately contaminated with evpper, which would lead to the sap- 
Position that the value obtained was somewhat below the truth ; 
we cannot account for the lower value obtained by Kopp. How- 
ever these may be, more recent and probably more accurate 
determinations have indicated a higher value. Mallet deter- 
tained the specitie heat of absolutely pare aluminium to be 
he remarked, made its atomic beat 0.2253 x 27.02 
or 5.08. Naceari* observed the specitic heat at different tem- 















peratures to be— 
Ise 5° 100° 00° 00° 
0.2135 O2 164 2211 ZIG OMOL 


The author has determined the mean specitie beat from 0° to 
the melting point to be 02.85, and the latent heat of’ fusion 29.5 
calories. 





Evectrte Coxpvetivity. 


Deville: Aluminium conducts electricity with great facility, 
so that it may be considered as one of the best conductors known, 





* Traneactions ‘‘Accademia di Torino,"’ Dec. 
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If we compare these various results we find the values given 
to vary as follows :— 


Silver = 100, Copper = 100. 
é f 49.10 at 0° 
Jahresb. d. Chemie « . . 151.18 at 100° 
Margottet . * ¢ Fe = 33.74 51.5 
Mattheisen . . . . 33.76 43.8 
. . . . . 56.1 
49.7 55.2 





THERMAL ConDUCTIVITY. 


Deville: It is generally admitted that conductivity for heat 
and electricity correspond exactly in the different metals, A 
very simple experiment made by Mr. Faraday in his laboratory 
seems to place aluminium very high among metallic conductors, 
He found that it conducted heat better than silver or copper. 

It is altogether probable that there was some mistake made in 
Faraday’s experiment, since, as we have scen, aluminium is inferior 
to silver and copper as a conductor of electricity, and recent 
investigations also place it inferior to them in thermal conduc- 
tivity. The writer before quoted (Jahresb, d. Chemie), gives 
these values :— 


AL Oe At 100° 
Copper 2. eee 7198 0.7226 
Magnesium =. ws (0.3760 0.3760 
Aluminium... 0.3438 0.3619 


or if the conductivity of copper is 100, that of aluminium is 
47.72 at 0° and 50.0 at 100°, which it may be observed agree 
very closely with the values found for electric conductivity by 
the same investigator. Calvert and Johnson determined the ratio 
of its conducting power for heat with that of silver to be as 665 
is to 1000, which is considerably higher than the values given for 
electric conductivity. The fact that these values agree in general 
better when referred to copper, would seem to show that the 
variable quantity is probably the standard silver used for com- 
parison, although we should have expected to mect with more 
trouble from the copper in this respect. 
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is hardly appreciably touched, and dves not lose its lustre. It is 
well known that the more oxidizable metals take this property 
away from it. But silicon itself, which is much less oxidizable, 
when alloyed with it makes it burn with great brilliancy, because 
there is formed a silicate of aluminium. 

While the above observations are in the main true, yet it is 
now well known that objects made of commercial aluminium do 
after a long exposure become coated with a very thin film, which 
gives the surface a “dead” appearance. The coating is very 
similar in appearance to that forming on zine under the same 
circumstances. The oxidation, however, does not continue, for 
the film seems to be absolutely continuous and to protect the 
metal underneath from further oxidation. This coating can best 
be removed by very dilute acid (sce Mouréy’s receipt, p. 57), 
after which the surface can be burnished to its former brillianey- 

Tt has also heen found that at a high white-heat, especially at 
the heat of an electric furnace, aluminium burns with a strong light 
toalumina. It is quite probable that in this case it volatilizes 
first, and it is the vapor which burns. During the operation of 
an electric furnace a white smoke formed of invisible particles 
of alumina is thus formed and evolved from the furnace. Also, 
in melting aluminium, even the purest, it will be found that the 
surface seems bound and the aluminium restrained from flowing 
freely by a minute “skin” which may probably be a mixture of 
oxide with motal, or perhaps of oxides of foreign metals, but, 
nevertheless, it is always present and is therefore indicative of 
oxidation taking place. It seems to protect the metal beneath 
it perfectly, so that, once formed, it gets no thicker by continued 
heating. 

Wohler first discovered that when aluminium was in the 
extremely attenuated form of leaf it would burn brightly in air, 
and burn in oxygen with a brilliant bluish-light. It is also said 
that thin foil will burn in oxygen, being heated by wrapping it 
around a splinter of wood, and fine wire also burns like iron 
wire, but the combustion is not continuous because the wire fuses 
too quickly. The alumina resulting is quite insoluble in acids, 
and as hard as corundum. 
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vapor of sulphur without altering the metal. This resistance is 
such that in melting together polysulphide of potassium and 
some aluminium cuntaining copper or iron, the latter are attacked 
without the aluminium being sensibly affected. Unhappily, this 
method of purification may not be employed because of the pro- 
tection which aluminium exercises over foreign metals. Under 
the same cireumstances guld and silver dissolve up very rapidly. 
However, at a high temperature I have observed that it com- 
bines directly with sulphur to give aluminium sulphide. These 
properties varying so much with the temperature form one of the 
special characteristics of the metal and its alloys. 

Maryottet states that hydrogen sulphide is without action on 
aluminium, as also are the sulphides of iron, copper, or zine. 
Aluminium is said to decompose silver sulphide, Ag33, setting 
the sulphur, however, at liberty and alloying with the silver, In 
regard to its indifference to the first mentioned sulphides, this 
would give inferential evidence that the reverse operation, i. ¢., 
the action of iron, copper, or zine on aluminium sulphide, would 
he possible, as will be seen later to be apparently established by 
direct experiment, As to the action of sulphuretted hydrogen, 
the author has a different experience to quote. On passing a 
stream of that gas into commercial aluminium melted at a red 
heat, little explosive puffs were heard accompanied by a yellow 
light, while the dross formed on the surface, when cooled, evolved 
stiphuretted hydrogen briskly when dropped into water, and 
gave every dication of containing aluminium sulphide. It 
could not have been silicon sulphide, for the metal contained as 
large a percentage of silicon after treatment as before. Hydro- 
gen sulphide is also absorbed in Jarge quantity by molten alu- 
minium, and mostly evolved just as the metal is about to set. 
Some of the gas is entangled in the solidifving metal, forming 
sor blow-holes. 









































and filling numerous cavi 


Subprvric Actin. 


Deville: Sulphuric acid, diluted in the proportion most suit- 
able for attacking the metals which decompose water, has no 
action on aluminium ; and contact with a forcign metal does not 
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phenomenon of flagration often indieares a very emergetic reac 
tion. Alnminmm is enatinnally melted with nitre at a red heat 
to parity it by the oxygen disengaged. withoat anv fear of loss. 
Bat it is neres-ary to be very careful in doing it in an earthen 
eracible, The silica of the crucible is diseolved by the nitre, the 
glae thne formed is decompreed by the alaminium. and the sili- 
cide of alamininm formed is then very oxidizable. especially in 
the presence of alkalies. The paritication by nitre ought to be 
made in an iron erncible well oxidized by nitre inside. 

If finely divided alnmininm is mixed with nitre and broaght 
ty a red heat. the metal is oxidized with the production of a fine 
blue flame. (Mierzinski.) 






ALKALISE SULPHATES AND CaRBONATES. 


Tissier: Only 2.65 grammes of aluminium introduced into 
melted red-hot «dinm sulphate (Na%SO*, decomposed that salt 
with such intensity that the crucible was broken into a thousand 
piers, and the door of the furnace blown to a distance. Heated 
to redness with alkaline carbonate, the aluminium was glowly 
oxidized at the expense of the carbonic acid, carbon was set free, 
and an aluminate formed. The reaction takes place without 
Acflagration. 


METALLIC OXIDES. 


Tissier Brothers made a series of experiments on the action of 
aluminium on metallic oxides. Aluminium leaf was carefully 
mixed with the oxide, the mixture placed in a small porcelain 
capsule and heated in a small earthen crucible, which served as a 
muffle, The results were as follows :— 

Manganese diozide.—No reaction. 

Zine oxide-—No reaction even at white heat. 

Ferric oride,—By heating to white heat 1 equivalent of ferric 
oxide and 3 of aluminium the reaction took place with detona- 
tion, and by heating sufficiently we obtained a metallic but- 
ton, well melted, containing 69.3 per cent. of iron and 30.7 per 
cent, of aluminium. Its composition corresponds very nearly to 
the formula AlFe. It would thus appear that the decomposition 
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phenomenon of flagration often indicates a very energetic reao- 
tion. Aluminium is continually melted with nitre at a red heat 
to purify it by the oxygen disengaged, without any fear of loss. 
But it is necessary to be very careful in doing it in an earthen 
erncible. The silica of the crucible is dissolved by the nitre, the 
glass thus formed is decomposed by the aluminium, and the sili- 
cide of aluminium formed is then very oxidizable, especially in 
the presence of alkalies. The purification by nitre ought to be 
made in an iron crucible well oxidized by nitre inside, 

Tf finely divided aluminium is mixed with nitre and brought 
to a red heat, the metal is oxidized with the production of a fine 
blue flame. (Mierzinski.) 


ALKALINE SULPHATES AND CARBONATES. 


Tissier: Only 2.65 grammes of aluminium introduced into 
melted red-hot sodium sulphate (Na*SO*) decomposed that salt 
with such intensity that the crucible was broken into a thousand 
pieces, and the door of the furnace blown to a distance, Heated 
to redness with alkaline carbonate, the aluminium was glowly 
oxidized at the expense of the carbonic acid, carbon was set free, 
and an aluminate formed. The reaction takes place without 
deflagration. 

Merannic Oxrpes. 


‘Tissier Brothers made a series of experiments on the action of 
aluminium on metallic oxides, Aluminium leaf was carefully 
mixed with the oxide, the mixture placed in a small porcelain 
capsule and heated in a small earthen crucible, which served as a 
muflle. The results were as follows — 

Manganese diowide—No reaction. 

Zine oxide,—No reaction even at white heat. 

Ferric owide.—By heating to white heat 1 equivalent of ferric 
oxide and 3 of aluminium the reaction took place with detona- 
tion, and by heating sufficiently we obtained a metallic but- 
ton, well nielted, containing 69.3 per cent, of iron and 30.7 per 
cent, of aluminium, Its composition corresponds very nearly to 
the formula AlFe. It would thus appear that the decomposition 
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CHAPTER V. 
PROPERTIES AND PREPARATION OF ALUMINIUM CoMPOUNDS. 


In this chapter we propose to note in rather condensed form 
the prominent characteristics of the various aluminium com- 
pounds, with an outline of the methods by which they can be 
produced, reserving for another chapter however, the preparation 
of those salts which are now being manufactured on a commer- 
cial scale for purposes of further treatment for aluminium. I do 
not propose this as a substitute for the various chemical treatises 
on this subject, but simply to add to the completeness of this 
work in order that a fair understanding of the other parts of the 
book may not be missed because data of this nature are not 
immediately at hand. Parts of this chapter are taken from M. 
Margottet’s treatise on aluminium, in Fremy’s Enclycopédie 
Chimique. 


GENERAL ConsIDERATIONS. te 
U 
Structure of aluminium compounds.*—Aluminium is a quad- 
rivalent element, but in its compounds always acts as a double 
hexad atom (Al- Al)", one bond or affinity thus serving to bind 
the two atoms together. The double atom Al? can thus unite 
with six monatomic elements or atomic groups, or their equiva- 
lent. Thus we have— 
Alto! Aluminium oxide. 
ACOH) —oxyhydrate. 
Alcs “« ghloride, 
The salts of aluminium usually called aluminious salts, are 
chemically considered as derivatives of the oxyhydrate, the hydro- 
gen atoms being replaced by acid radicals. Thus— 


* R. Biedermann. Kerl and Stohmans, Handbuch, 4th ed. 
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Alt.06.(NO#)§ Aluminium nitrate. 
Alt.08, (C#H50)® bi acetate. 
Al#,08, (S02)? « sulphate. 
All,08,(PO)# “phosphate. 

The above are normal or neutral salts, all the hydrogen atoms 
having been replaced. Basie salts result if only part of the hy- 
drogen is replaced. 

Alt, (OH)40,(C#H9O)? Basic aluminium acetate. 
Alt, (OH*)0#. (SO) “ “sulphate. 

Aluminium is very apt to form these basic compounds and 
others of even greater complexity. 

Aluminium oxyhydrate is distinguished from most of the 
other basic oxides in that its hydrogen atoms are not alone 
replaced by acid radicals, but by metals forming aluminates. 
Thus— ! 

' AN.O8.Na® Sodium aluminate. 
Alt.06.Ba’ Barium sa 

If we consider alumininm oxyhydrate to act in these com- 
pounds as an acid, these are its neutral salts, Besides alu- 
minates of this form there are others, natural and artificial, 
having the general formula Al?RO‘, R being diatomic. These 
were written on the old dualistic theory A?O*.RO, but they are 
now considered as derivatives of aluminium anhydro-hydrate. 
Thus— 


AVO,(OH)? Aluminium anhydrohydrate. 
AltOf,(O'Mg) Magnesium aluminate. 


General methods of formation and properties—Hydrated alu- 
mina, which has not been too strongly heated, dissolves in strong 
acids forming salts which are mostly soluble in water. In the 
feebler acids and in all organic acids it is completely insoluble. 
The salts of these latter acids are formed best by decomposing 
solution of aluminium sulphate with the barium or lead salt of the 
acid in question. Alumina forms no carbonate. Most alumin- 
ium salts are soluble in water and rather difficult to crystallize: 
the few insoluble salts are white, gelatinons, and similar to the 
hydrate in appearance. In the neutral salts the acid is loosely 
held, for their solution strongly reddens litmus paper and their 
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a fecble solution which has served for the complete exhaustion of 
the preceding charge, which was last washed with pure water, 
forming thus this feeble solution. This gives, on the first leach- 
ing, solutions of aluminate concentrated enough to be called strong 
liquor, which are next treated by the current of carbonic acid gas 
to precipitate the hydrated alumina. The charge is next washed 
with pure water, which completely removes the aluminate ; this 
solution is the weak liquor, which is put aside in a special tank, 
and used as the first leaching liquor on the next charge treated. 
This treatment takes place in the following apparatus (see Fig. 
1): Bis a sheet-iron vessel, in the middle of which is a metallic 


. Fig. 1. 
B 
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grating, F, on which is held all round its edges, by pins, a cloth, 
serving as a filter. The upper part of this vessel is called sim- 
ply the filter. .A ought to be closed by a metallic lid held on 
firmly by bolts. To work the apparatus, about 500 kilos of the 
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Each baratte holds about 1200 litres of solution, and the complete 
precipitation of all the alumina in it takes five to six hours. A. 
mechanical agitator stirs the contents continually, and a current 
of steam is let into the double bottom so as to keep the tempera- 


Fig. 2. 





d 


a. Charging pipe, >. Steam pipe. ¢. Steam drip. @. CO! enters. f. Discharge 
pipe. 4. Agitator, made of fron rods. C. Tank in which the precipitate settles. 
B. Buratte body. D. Steam jacket. 


ture of the solution about 70°. The precipitated alumina and the 
solution of sodium carbonate which remain are received in a vat 
placed bencath each baratte. The solution is decanted off clear, 
after standing, and then evaporated down to dryness, regenerating 
the sodium carbonate used in treating the beauxite to make the 
aluminate, less the inevitable losses inseparable from all indus- 
trial operations. The deposit of alumina is put into a conical 
strainer to drain, or else into a centrifugal drying machine, which 
rapidly drives out of the hydrated alumina the solution of sodium 
carbonate which impregnates it; a washing with pure water in 
the drier itself terminates the preparation of the alumina, At 


4 
va 
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4 flue over the roof of the hearth, The hearth has an area of 
nearly 9 square metres, being 4 metres long and 2.5 metres wide, 


Pig. 3. 





I is charged twelve times each day, each time with 500 kilos of 
mixture, thus roasting 6000 kilos daily, with a consumption of 
800 kilos of coal, The waste heat of the gases escaping from 





the furnace is utilized for drying the soda solution to its erystal- 
lizing point, and the gases finally pass under an iron plate on 
which the chalk is dried. In this furnace the mass is ignited 
thoroughly without a bit of it melting, so that the residue can be 
fully washed with water. 
The decomposition takes place according to the formula— 
APF*GNaF + 6CaCO® = APOL3Na70 + 6Calk? + 6CO*, 

the resultant product containing aluminate of soda, soluble in 
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it is cooled and washed, when aluminate of soda goes into solu- 
tion and on treatment with carbon dioxide gives sodium carbonate 
and alumina. According to my laboratory experiments— 

1000 grammes of sodium residues 

160 washed slags 
have given 

110° ealeined alumina 

225“ © dry sodium carbonate. 


“ The residue left on washing the fusion weighs about one-half 
the weight of the soda residues used, and contains— 


Carbon . . . . . . . . + 30.0 
Calcium flnoride . + 320 
Alumina . . . . . . . . » 0.6 
Various other materials. . . . . » 374 


“The latter item is formed of ferric oxide, oxide of manganese, 
a little silica and some oxysulphide of calcium.” 

Deconmporition of eryolite in the wet way.—Neville used the fol- 
lowing method at Javel, which he thus describes :— 

“In the Greenland cryolite there are to be found numerous 
pieces containing siderite (ferrous carbonate). It is necessary to 
extract all these pieces before using the mineral as a flux in pro- 
ducing the aluminium, The rejected fragments are then utilized 
by pulverizing them finely, mixing with about three-fourths of 
their weight of pure, burnt lime and the whole carefully slaked. 
After the slaking, water is added in large quantity, and the ma- 
terial is heated in a large cast-iron vessel by means of a steam- 
coil. reaction takes place at once, and is complete if the pro- 
eess is well conducted. Some insoluble aluminate of lime may 
be formed, but it can be recovered trom the residue by digesting 
it with some solution of carbonate of soda, The residue re- 
maining is calcium fluoride, which settles easily, and the clear 
liquor decanted off contains aluminate of soda, from which 
alumina can be precipitated as hefore. The calcined alumina ob- 
tained may contain iron when the cryolite used contains a large 
amount of ferrous carbonate. It has appeared to me that the 
lxtter mineral may be decomposed by the lime, and some prot- 
oxide of iron be thus dissolved by the soda in small quantity. 
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retort used was of about 300 litres capacity, and was placed ver- 
tically in a sort of chimney, C (Fig. 6), the flame circulating all 
around it. In the bottom was a square opening, z, about 20 
centimetres square, which could be closed by a tile kept in place 


Fig. 6. 





by a screw, ¥. A porcelain tube pierced the sides of the furnace 
and entered the retort at O; it was protected from the flame by a 
fire-clay cylinder inclosing it. At the top, the retort was closed 
by a tile, Z, of refractory brick, in the centre of which was made 
a square opening, W, of 10 to 12 centimetres side. Finally, an 
opening, X, placed 30 centimetres below the plate Z, gave issue 
to the vapors distilled, conducting them into the chamber L. 
This condension chamber was about 1 metre cube; it had one 
wall of bricks in common with the furnace, thus keeping it rather 
hot. The other walls should be thin and set with close joints 
and very little mortar. The cover, M, was movable; it and the 
sides of the chamber were of glazed tiles. An opening 20-30 
‘eentimetres square in the lower part of the chamber communicated 
with flues lined with lead, for a little chloride was drawn into 
them. ‘The ancondensed gas passed to a chimney. 

* To work such an apparatus it is necessary, first of all, to dry 
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itself to me at once, has been the cause of many unfruitfal at- 
tempts, into the details of which I will not enter, I must, how- 
ever, explain some details which may appear insignificant at first 
sight, but which were necessitated during the development of the 
process. For instance, it will perhaps look irrational for me to 
keep the same sized outlet tubes and condensers that were used 
with the mercury bottles, for tubes five times as large; but T 
was forced to adopt this arrangement after trying the use of tubes 
and condensers of all sizes ; indeed, it is fortunate for the suc- 
cess of the operation that this was so, for it became very injurions 
to the workmen to handle the large and weighty apparatus in the 
face of a large sodium flame. 

‘The mixture of sodium carbonate and carbon is made in the 
manner already described. I would say again that a previous 
strong calcination of the materials presents a great advantage, 
not only because it permits putting a much larger weight into the 
retorts at once but also that, being more compact, the mixture 
will not rise as powder and be violently thrown out of the strongly- 


Fig. 15. 





heated retorts. The mixture should also be calcined a3 needed 
and used to fill the tubes while still red hot. When cold, un- 
‘paleined mixture isused, it is put into large cartridges of thick 
| paper or canvas, § centimetres diameter and 35 centimetres long, 
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has been suddenly ended. The furnace was intact ; the envelopes 
of the tubes were split open, and the luting on the tubes found to 
be compact and coherent but without traces of fusion, showing 
perfect resistance. The iron tubes meanwhile had not suffered 
inside or out, and seemed as though they would last indefinitely. 
I attribute this success to the particular care given to the com- 
position of the jackets, and to the perfection with which the tubes 
had been welded. Only on one of the tubes was a very slight 
erack found on a part not the most highly heated, and not suffi- 
cient to cause the tube to be discarded. 

Tissier Bros,’ method of procedure (1856). As related in the 
historical treatment of the subject (p. 22), Deville charged the 
Tissier Bros. with appropriating from him the process for the 
continuous production of sodium in cylinders, which, as just 
given, was devised during the experiments at Javel. On the 
other hand, the Tissier Bros, asserted their right to the process, 
patenting it, and using it in the works started at Rouen in the 
latter part of 1855. The following details are taken from Tissier’s 
“ Recherche de l’Aluminium,” only such being selected as sup- 
plement Deville’s description which has just been given. 

The sodium carbonate is first well dried at a high temperature, 
then mixed with well-dried pulverized charcoal and chalk, ground 
to the finest powder, the success of the operation depending on 
the fineness of this mixture. The proportions of these to use are 
various. One simple mixture is of— 


Sodium carbonate . . . . . . .« 566 
Coal. . . . . . . . . » m4 
Chalk . " . * < “ & . . . 95 
Coke . . * * . * . « . - 

1000 


Another contains— 


Sodium carbonate . . . . . . + 615 
Coal. . . * . . . . . . 277 
Chalk . . . . . . . . . + 108 

1000 


The addition of chalk has the object of making the mixture 
less fusible and more porous, but has the disadvantage that the 
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residue remaining in the retort after the operation is very impure, 
and it is impossible to add any of it to the succeeding charge ; 
and also, some of it being reduced to caustic lime forms caustic 
alkali with some sodium carbonate, which is then lost. When 
the mixtare is well made it is subjected to a preliminary calein- 
ation, This is done in cast-iron cylinders, two of which are 
placed side by side in a furnace and heated to redness (see Fig. 
16). This is continued till all the moisture, carbonic acid, and 


Fig. 16, 





any carburetted hydrogen from the coal cease coming off. The 
mass contracts, becomes white and somewhat dense, so that a 
larger amount of the mixture can now be treated in the retorts 
Where the sodium is evolved. As soon as the outcoming gases 
burn with a yellow flame, showing sodium coming off, the calcin- 
ation is stopped. The mixture is then immediately drawn out 
on to the stone floor of the shop, where it cools quickly and is 
then ready for the next operation. This calcination yields a 
mixture which without any previous reactions is just ready to 
evolve sodium when brought to the necessary temperature, This 
material is made into a sort of cylinder or cartridge and put 
into the decomposition retorts (see Fig. 15). The charging should 
be done quickly, The final retorts are of wrought-iron, since 
cast-iron would not stand the heat. At each end this retort is 
closed with wrought-iron stoppers and made tight with fire-clay. 
Throngh one stopper leads the pipe to the condenser, the other 
stopper is the one removed when the retort is to be recharged. 
‘These retorts are placed horizontally in rows in a furnace, Usu- 
ally four are placed in a furnace, preferably heated by gas, such 
5 the Siemens regenerative furnace or Bicheroux, these being 











THE MANUFACTURE OF SODIUM. 7 


“In producing sodium, caustic soda of the highest obtainable 
strength is used, and there is mixed with it a weighed quantity 
of the so-called ‘ carbide,’ sufficient to furnish the proper amount 


“ After charging a crucible with the above mixture, it is placed 
in a small furnace where it is kept at a low heat for about thirty 
minutes, during which time the mass fuses, boils violently, and a 
large part of the hydrogen is expelled by the combined action of 
the iron and carbon, the ‘ carbide,’ owing to its gravity, remaining 
in suspension throughout the fused soda. At the end of the time 
stated, the contents of the cracible have subsided to a quiet 
fasion. The crucible is then lifted by a pair of tongs on wheels 
and placed upon the platform of the elevating gear, as shown in 
the drawing, and raised to its position in the heating chamber of 
the main distilling furnace. The cover which remains stationary 
in the furnace has a convex edge, while the crucible has a groove 
round the edge into which the edge of the cover fits, A little 
powdered lime is placed in the crucible groove just before it is 
80 that when the edges of the cover and crucible come 
they form a tight joint, and at the same time will allow 
to be lowered easily from the chamber when the 

is finished, to give place to another containing a fresh 
From the cover projects a slanting tube (see Fig. 17), 
connected with the condenser. ‘The condenser is provided with a 
‘small opening at the further end to allow the escape of hydrogen, 
and has also a rod fixed (as shown), by means of which any 
obstruction which may form in the tube during distillation, may 
be removed. After raising a crucible in its place in the furnace, 
jing from the condenser is lighted, and serves 

to show by the size of the flame how the operation is progressing 
in the crucible, the sodium actually distilling soon after the cru- 
cible is in its place, The temperature of the reduction and dis- 
tillation has been found to be about 823° C. The gas coming 
off during the first part of the distillation has been analyzed 
and found to consist of pure hydrogen, An analysis of the gas 
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surrounded by flues. The flame after heating the retort passes 
under an iron pot in which the caustic soda is kept melted, and 
situated just above the top of the retort. This pot has an outlet 
tube controlled by a stop-cock, by which the caustic may be dis- 
charged into a funnel with syphon-shaped stem fastened into the 
top of the retort. There is also a syphon-shaped outlet at the bot- 
tom of the retort, through which the molten sodium carbonate and 
bits of carbon pass. A hole with tight lid in the upper cover is 
provided for charging charcoal. A tube passes out just beneath 
the upper cover, connecting with a large condenser of the shape 
used by Deville (see Fig. 18). In operating, the retort is heated 





to bright redness, filled one-third with best wood charcoal, and 
then molten caustic soda tapped from the melting pot into the 
funnel, the feed being so regulated that the funnel is kept full and 
the retort closed. The lower opening is kept closed until enough 
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Heat absorbed. 
Decomposition of alumina. + + + + 391,600 cal. 
Heat developed. 
Decomposition of carbon bisulphide . 78,030 
Formation of carbon oxysulphide . . 111,090 
“of aluminium sulphide... 124,400 
—— _—i313,520 “* 
Defcit ot heat 2. «T8080 


It is thus seen that the reaction with carbon bisulphide is leas 
than one-half as strongly negative as the reaction with carbon 
and sulphur alone, and in accordance with this we have the fact 
that aluminium sulphide is produced when carbon bisulphide 
vapor is passed over alumina heated white hot, while it is still 
further interesting to note that the presence of carbon mixed with 
the alumina is of no aid at all to the reaction. 


CHAPTER IX. 


REDUCTION OF ALUMINIUM COMPOUNDS BY MEANS OF 
POTASSIUM OR SODIUM. 


Tue methods comprised under this heading may be con- 
yeniently divided into three classes :— 





I, Methods based on the reduction of aluminium chloride 
or aluminium-sodium chloride. 
II. Methods based on the reduction of eryolite. 
III. Methods based on the reduction of aluminium fluoride. 








I. 


The methods here included can be most logically presented by 
taking them in chronological order. 


Ocrstedt's Experiments (1824). 


After Davy’s unsuccessful attempts to isolate aluminium by 
hattery, in 1807, the next chemist to publish an account of 
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of iron, and supposing the alumina to give up all the aluminium 
in it, the metal will be contaminated with 2 per cent. of iron.” 

“ Influence of flux or slag.—The flux, or the product of the 
reaction of the sodium on the aluminous material, ought to be 
volatile, that one may separate the aluminium by heat from the 
material with which it has been in contact, and with which it 
remains obstinately impregnated because of its small specific 
gravity.” 

“Influence of the vessel—The siliceous vessels in which alu- 
minium is received or melted give it necessarily a large quantity 
of silicon, a very injurious impurity. Silicon cannot be separated 
from aluminium by any means, and the siliceous aluminium seems 
to have a greater tendency to take up more silicon than pure alu- 
minium, so that after a small number of remeltings in siliceous 
vessels the metal becomes so impure as to be almost infusible.” 

In order to avoid the dangers pointed out above, Deville recom- 
mended following scrupulously the following details in order to 
get pure aluminium, : 

“ Reduction by solid sodium.—The crude aluminium chloride 
placed in the cylinder A (Fig. 20), is vaporized by the fire and 


Fig. 20, 














passes through the tube to the cylinder B, containing 60 to 80 
kilos of iron-nails heated to a dull-red heat. The iron retains 
as relatively fixed ferrous chloride, the ferric chloride and hydro- 
chloric acid which contaminate the aluminium chloride, and like- 
wise transforms any sulphur dichloride (SCI*) in it into ferrous 
chloride and sulphide of iron. The vapors on passing out of B 
through the tube, which is kept at about 300°, deposit spangles 
of ferrous chloride, which is without sensible tension at that tem- 











REDUCTION BY POTASSIUM OR SODIUM. 213 


substances we employ. But the matter is so new, is harassed 
with so many difficultics even after all that has been done, that 
our young industry may hope everything from the future when 
it shall have acquired experience. I ought to say, however, that 
the aluminium industry is now at such a point that if the uses 
of the metal are rapidly extended it may change its aspect with 
great rapidity. One may ask to-day how much a kilo of iron 
would cost if a works made only 60 to 100 kilos of it a month, 
if large apparatus were excluded from this industry, and iron 
obtained by laboratory processes which would permit it to be~ 
edine useful only by tedious after-treatment, Such will not be 
the case with aluminium, at least with the processes just described. 
Tu fact, in all I undertook, either alone or with my friends, T 
have always been guided by this thought—that we ought to adopt 
only such apparatus as is susceptible of being immediately en- 
larged, and to use only materials almost as common as clay itself’ 
for the source of the aluminium.” 


The Deville Process (1882). 


‘The process just described reached a fair degree of perfection 
at Nanterre, under the direction of M. Paul Morin, Afterwards, 
some of the chemical operations incidental to the process were car- 
ried on at the works of the Chemical Manufacturing Company 
of Alais and Carmargue, at Salindres (Gard), owned by H. Merle 
& Co. At a later date the whole manufacture was removed to 
this place, while the Société Anonyme de I’Aluminium, at Nan- 
terre, worked up the metal and placed it on the market, The 
Salindres works, about 1880, went under the management of A, 
R. Pechiney & Co., and under the personal attention of M. 
Pechiney the Deville process has reached its present state of per- 
fection. The following account is taken mostly from M. Mar- 
gottet’s article on aluminium in Fremy’s Encyclopédie Chimique. 

‘An outline of the process, as it now stands, may very appro- 
priately be given at this place, although detailed descriptions of 
the preliminary processes for preparing the materials for reduc- 
tion are given under the appropriate headings (see pp. 109, 127). 

‘The primary material to furnish the aluminium is beauxite. 
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dampers are shut and the car is moved on a track immediately 
over a large hopper placed in the roof of the furnace. The hop- 
per being opened the charge is dumped in and drops on to the 
centre of the hearth. The reaction is immediate and the whole 
charge becomes liquid in a very short time, After a few 
minutes, heating gas is again turned on and the furnace kept 
moderately hot for two or three hours, The reaction has been 
APCI*,.2NaCl + 6Na = Al + 8NaCl 


and the aluminium gathers under the bath of eryolite and sod- 
ium chloride. One of the lower tap holes is then opened with 
a bar, and the aluminium run out into moulds. When the 
metal has all run out it is followed by slag, which flows into iron 
wagons, The openings are then plugged up and the furnace is 
ready for another charge. The charge given produces usually 
114 to 120 Ibs, of aluminium, the whole operation lasting about 
4hours. The large furnace could thus produce 840 Ibs. in 24 
hours, and the smaller one half that quantity. The first portion 
of metal ronning out is the purest, the latter portions and 
especially that entangled in the slag on the hearth, and which 
has to be scraped out, containing more foreign substances. This 
impure metal is about one-fourth of all the aluminium in the charge. 

‘The purity of the metal run out depends directly on the purity 
of the chloride used. If the double chloride contains 0.2 per 
cent, of iron the metal produced will very probably contain all of 
it, or 2 per cent. Using the double chloride purified by Mr. 
Castner's new method (see p. 132), by which the content of iron 
is reduced to 0.05 per cent. or less, aluminium can be made con= 
taining Jess than 0.5 per cent. of iron and from 99 to 99.5 per 
cent. of aluminium. Professor Roscoe exhibited at one of his 
lectures a mass of metal weighing 116 lbs., being one single run- 
ning from the furnace, and which contained only 0.3 per cent. 
silicon and 0.6 per cent. iron. In practice, the metal from 8 or 
10 runnings is melted down together to make a uniform quality. 

Taking the figures given, it appears that the metal ran out rep- 
resents 70 per cent. of the aluminium in the charge, and 80 per 
ent. of the weight which the sodium put in should reduce, but 
Since an indeterminate weight is sifted and picked from the slag, 


a 


222 ALUMINIUM, 


it is probable that the utilization of the materials is more perfect 
than the above percentages. However, this seems to be the part 
of the old Deville process least improved upon in these new 
for there seems to be plenty of room for improvement in 
ng the utilization of materials especially in regard to lose 
of sodium by volatilization, which undoubtedly takes place and 
which can possibly be altogether prevented, 








CHAPTER. X. 


REDUCTION OF ALUMINIUM COMPOUNDS BY MEANS OF 
POTASSIUM OR SODIUM (continued). . 


Il. 


The methods based on the reduction of cryolite can be most 
conveniently prownted in chisnological oriler. 


Roxx Experiments (1855). 






entire paper, as an account of 
minent chem ations written out by himself with 
great detail, des ny sas well as successes, cannot but 
ue to all interested in the production of aluminium.* 
“Since the discovery of aluminium by Wéhler, Deville has re- 
cently devised the mea yz the metal in large, solid 
masses, in which condition it exhibits properties with which we 
were previously unacquainted in its more pulverulent form as 
procured by Wohler’s method, While, for instance, in. the lat- 
ter atate it burns vividly to white carthy alumina on being ignited, 
the flised globules may be heated to redness without perceptibly 
exidising. These differences may be ascribed to the greater 
smeant of division on the one hand and of density on the other. 





failures 









of proc 











* ogg. Annalen, Sept. 1855. 
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withont the fire, and pushing it forward when the cryolite had 
attained a maximum temperature. The operation went on very 
well, the whole being allowed to cool in a current of hydrogen. 
After the treatment with water, in which the sodium fluoride dis- 
solved very slowly, I obtained a black powder consisting for the 
most part of iron, Its solution in hydrochloric acid gave small 
evidence of aluminium, The small amounts I obtained, how- 
ever, should not deter others from making these experiments. 
‘These are the results of first experiments on which T have not 
been able to expend much time. Now that cryolite can be pro~ 
cured at so moderate a price, and sodium by Deville’s improve- 
ments will in future become so much cheaper, it is in the power 
of every chemist to engage in the preparation of aluminium, and T 
have no doubt that in a short time methods will be found afford- 
ing a much more profitable result. 

“To conclude, I am of opinion that eryolite is the best adapted 
of all the compounds of aluminium for the preparation of this 
metal. It deserves the preference over aluminium-sodium chlor- 
ide or aluminium chloride, and it might still be employed with 
great advantage even if its price were to rise considerably, The 
attempts at preparing aluminium direct from alumina have as yet 
been unattended with success, Potassium and sodium appear 
only to reduce metallic oxides when the potash and soda produced 
are capable of forming compounds with a portion of the oxide 
remaining as such. Pure potash and soda, with whose properties 
we are very slightly acquainted, do not appear to be formed in 
this case. Since, however, alamina combines so readily with the 
alkalies to form aluminates, one would be inclined to believe 
that the reduction of alumina by the alkali metals should succeed. 
But even were it possible to obtain the metal directly from alu- 
mina, it is very probable that eryolite would long be preferred 
should it remain at a moderate price, for it is furnished by nature 
jn a rare state of purity, and the aluminium is combined in it 
with sodium and fluorine only, which exercise no prejudicial in- 
fluence on the properties of the metal, whereas alumina is rarely 
found in nature in a pure state and in a dense, compact condition, 
and to prepare it on a large scale, freeing it from those substances 
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breaking the crucible, the aluminium is often found united in 
large globules easy to separate from the mass. The metal always 
contains silicon, which increases the depth of its natural blue tint 
and hinders the whitening of metal by nitric acid, because of the 
insolubility of the silicon in that acid, M. Rose’s metal is very 
ferruginous. I have verified all M. Rose’s observations, and I 
agree with him concerning the return of metal, which I have 
always found very small. There are always prodaced in these 
operations brilliant flames, which are observed in the scoria flont- 
ing on the aluminium, and which are due to gas barning and 
exhaling a very marked odor of phosphorus. In fact, phosphoric 
acid exists in cryolite, as one may find by treating a solution of 
the mineral in sulphuric acid with molybdate of Saas accord- 
ing to HL. Rose’s reaction. 

“M. Rose has recommended iron vessels for this operation, 
because of the rapidity with which alkaline fluorides attack 
earthen crucibles and so introduce considerable silicon into the 
metal. Unfortunately, these iron crucibles introduce iron into 
the metal. This is an evil inherent in this method, at least in the 
present state of the industry. The inconveniences of this method 
result in part from the high temperature required to complete the 

and from the crucible being in direct contact with the 
fire, by which its sides are heated hotter than the metal in the 
crucible. The metal itself, placed in the lower part of the fire, 
is hotter than the slag. This, according to my observations, is 
an essentially injurious condition. The slag ought to be cool, the 
metal still less heated, and the sides of the vessel where the fusion 
ocenrs ought to be as cold as possible. The yield from eryolite, 

to Rose’s and my own observations, is also very small, 
M, Rose obtained from 10 of eryolite and 4 of sodium about 0.5 
of aluminium. This is due to the affinity of fluorine for alu- 
miniom, which must be very strong not only with relation to its 
affinity for sodium but even for calcium, and this affinity appears 
to inerease with the temperature, a5 was found in my laboratory. 
Cryolite is most convenient to employ as a flux to add to the 
mixture which is fused, especially when operating on a small 
scale, 

“The argument which decided the company at Nanterre not to 
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material thas detached, melted im a porcelain erecible, and after 
sting washed with water. vields a grav, metallic powder, which 
by melting several times under a laver of the double chloride is 
reunited int» a button.” 

Bansen* adopted a similar arrangement. The porcelain cre- 
cible omtaining the bath of aluminium-sodium chloride kept in 
fasion was divided into two compartments in its upper part by a 
partition, in order to separate the chlorine liberatéd from the alu- 
minium redoced. He made the two electrodes of retort carboa. 
To reanite the palveralent alaminium, Bansen melted it in a bath 
of the double chloride, continually throwing in enough sodium 
chloride to keep the temperatare of the bath about the fusing 
point of silver. 

As we have seen, Deville, withuut being acquainted with Ban- 
sen’s investigations, employed the same arrangement, but he 
abandoned it because the retort carbon slowly disintegrated in the 
bath, and a considerable quantity of double chloride was lost by the 
higher heat necessary to reunite the globules of alaminium after 
the electrolysis. Deville also observed that by working at a 
higher temperature, as Bunsen has done, he obtained purer metal, 
but in less quantity. The effect of the high heat is that silicon 
chloride is formed and volatilizes, and the iron which would have 
been reduced with the aluminium is transformed into ferrous 
chloride by the aluminium chloride, and thus the aluminium is 
purified of silicon and iron. 

Plating aluminium on copper.—The same bath of double chlor- 
ide of aluminium and sodium may be used for plating alumin- 
ium in particular on copper, on which Capt. Caron experimented 
with Deville. Deville says: “To succeed well, it is necessary to 
use a bath of double chloride which has been entirely purified 
from foreign metallic matter by the action of the battery itself. 
When aluminium is being deposited at the negative pole, the first 
portions of metal obtained are always brittle, the impurities in 
the bath being removed in the first metal thrown down ; so, when 
the metal deposited appears pure, the piece of copper to be plated - 
is attached to this pole and a bar of pure aluminium to the posi- 


* Pogg. Annalen, 97, 018. 
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into the bath from above, but it was found that while the ends 
of the positive carbon immersed in the eryolite were unattacked, 
the part immediately over the bath was rapidly corroded. In 
the second patent, therefore, the positive electrode was circular 
and entirely immersed in the eryolite, connection being made by 
ears which projected through the side of the vessel, As the car- 
bons are thas fixed, the preliminary fusion is accomplished by a 
movable carbon rod suspended from above, passing through the 
circular anode and used only for this purpose. The bath being 
well fused and the current flowing freely between the fixed car- 
bons, the rod is withdrawn, The carbons are said to be thus 
perfectly protected from corrosion, and able to serve almost in- 
definitely. The melting pots finally used were ordinary black- 
lead crucibles, which are not usually injured at all, since the fised 
part of the eryolite does not touch them, and they last as many 
as 300 fusions. After the operation, the carbons are lifted out of 
the bath and the contents cooled. When solid, the crucibles are 
inverted and the contents fall out. This residue is broken to 
coarse powder, the nodules of aluminium picked out, melted in a 
erucible and cast into bars. The coarse powder is then ground 
to fine dust. This powder is more or less alkaline and contains 
‘a greater or less excess of fluoride of sodium in proportion to the 
amount of aluminium which has been taken out. If only a small 
proportion of the metal has been extracted and the powder con- 
tains only a small excess of sodium fluoride, it is used again with- 
out any preparation in charging the crucibles; but if as much as 
5 or 6 per cent. of aluminium has been removed and the powder, 
therefore, contains a large excess of sodium fluoride, it is washed 
with water for a long time to remove that salt, which slowly dis- 
wolves. The solution is reserved, while the powder remaining is 
unchanged eryolite, and is used over. Dr. Gore states that if the 
powder, electrodes and crucible are perfectly dry, there is no 
escape of gas or vapor during the process ; but if moisture is pre- 
sent, a small amount only of fumes of hydrofluoric acid appear, 
and that there is no escape of fluorine gasat any time. If this isso, 
it ie rather difficult to see where the fluorine with which the alu- 
minium is combined goes to. If the vessel were lined with 
heauxite, it might be retained by this lining, but in the experi- 
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fluorides are entirely lacking, since free fluorine is needed as the 
basis of their experimental determination, As fluorine has 
lately been isolated, it may not be long before some of these 
figures are determined, and then the caleulations referred to can 
be made. In the mean time we can observe no further than that 
about 75 per cent. of the metal produced in the bath is obtained 
and weighed, and that the high potential of the current seems to 
indicate a considerable loss of power in overcoming resistances 
other than that of decomposition, a loss greater than is met with 
in other somewhat similar operations. 

As to the purity of the metal obtained, the process is met at 
the outset by the silica and iron oxide in the cryolite, which are 
probably all reduced with the first few grammes of aluminium 
thrown down. This can possibly be remedied by using a purer 
artificial eryolite ; the impurities cannot generally be separated 
from the natural mineral. Then there are impurities of a similar 
nature coming from the carbons used, and which are generally 
present if especial pains are not taken to get very pure materials 
for making them. Dr. Kleiner's early attempts produced metal 
of 85 to 95 per cent. purity, but he now states that it is uniformly 
95 to 98 per cent., and being put on the market in competition 
with other commercial brands. It appears, however, from a con- 
sideration of the preceding data, that unless great improvements 
have since been made in several details, the process will not 
enable the metal produced to be sold at 16 shillings a pound (the 
present selling price), and pay expenses. 


Lossier’s Method. 


"This is a device for decomposing the natural silicates by 
electricity and obtaining their aluminium, The bath is com- 
posed of pure aluminium fluoride or of a mixture of this salt 
and an alkaline chloride, and is kept molten in a round bottomed 
crucible placed in a furnace. The electrodes are of dense carbon 
and are separated in the cracible by a partition reaching beneath 
the surface of the bath. The positive electrode is furnished with 


* German Patent (D. RB. P.), No. 31089. 
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Alaminiom fluoride. . . . . . - & 
Sodium fluoride . . . . . . . . 3 
100 


it was hardly possible to pass a current through it, but on adding 
alumina the latter dissolved in the bath and was easily decom- 
posed by a current of low tension; however, as soon as the 
alumina was exhausted, the resistance rose quickly. It 
probable that sodium chloride, in Bernard’s process, is the chief 
electrolyte, or else its combination with aluminium fluoride in 
certain proportions, but that the aluminium fluoride is the electro- 
lyte is hardly probable. 

Messrs. Bernard exhibited at the recent Paris Exposition a 
collection of articles made of their metal, such as round tubes, 
medals, keys, opera-glasses, ingots, etc., for which they received 
the same reward as the other exhibitors of aluminium—e gold 
medal. 


Feldman’s Method (1887). 
. A. Feldman, of Linden, Hannover, patented the following 


electrolytic process :—* 

A double fluoride of aluminium and an alkaline earth metal, 
mixed with an excess of a chloride of the latter group, is either 
electrolyzed or reduced by sodium. The proportions of these 
substances to be used are such as take place in the following 
reactions :-— 

1. (APFS42SrF*) 4. 6SrCl#= 2A]-4 5SrF#43SrCP+46Cl. 

2, (AIF *+ 2SrF#) 4 6SrCP 4 6Na=2A1+5SrF?+3SrCP+6NaCl. 
The three equivalents of strontium chloride are found in practice 
to be most. suitable. Potassium chloride may also be added to 
increase the fluidity, but in this case the strontium chloride must 
be in still greater excess. 

Even if the above reactions and transpositions do take place, 
the use of so much costly strontium salts would appear to render 
the process uneconomical. 


* English Patent, No. 12575, Sept. 16, 1887. 
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years previous to that time, but it has not been until quite recently 
that patents have been applied for, and they are still pending. 

‘The principle made use of has already been suggested in con= 

nection with the production of sodium (p. 183). Tt is briefly, that 
if molten sodium chloride is electrolyzed using a molten lead 
cathode, a lead-sodium alloy is produced. This alloy is capable 
of reacting on molten eryolite, setting free aluminium, which does 
not combine with the lead remaining because of its small affinity 
for that metal. If, then, eryolite is placed in the bath with the 
sodium chloride, the two reactions take place at once, and alu- 
minium is produced. In the early part of 1888, the company 
erected a small experimental plant, with a ten horse-power engine, 
with which the following experiments, among many others, were 
made :— 
_ "1, A current of 60 to 80 amperes was passed for several hours 
through a bath of cryolite melted in a crucible lined with alu- 
mina, and using carbon rods 2} inches in diameter as electrodes, 
one dipping into the bath from above, the other passing through 
the bottom of the crucible into the bath, Only 1 or 2 grammes 
of aluminium were obtained, showing that the separated metal 
was almost all redissolved or reunited with fluorine. With the 
temperature very high, it was found that sodium passed away 
from the bath without reducing the cryolite. 

2. A current averaging 54 amperes and 10 volts was passed 
for five and a half hours through a mixture of 1 part oryolite 
and 5 parts sodium chloride placed in a crucible with 370 
grammes of molten lead in the bottom as the cathode, After the 
experiment, 25 grammes of aluminium were found in globules on 
top of the lead-sodium alloy. This latter alloy contained some 
aluminium. The globules were about as pure as ordinary com- 
mercial aluminiam and contained no lead or sodium. From 
another experiment it was determined that the lead-sodium alloy 
must first acquire a certain richness in sodium before it will part 
with any of that metal to perform the reduction of the eryolite, 
Te was also found that a certain temperature was necessary in 
order that aluminium be produced at all. 


* Proceedings of the Wisconsin Nat. Hist. Soo., April, 1889. 
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and the operations are kept up without stopping for several weeks 
at atime. The metal produced has varied from 94 to over 98 
percent. pure. Three analyses by Mr. Hall have given— 


L nm 7. 
Alominiem . - . - MIG 95.93 so 
Siliem . - - - - A368 ze 1m 


Imm. ewe - - Lt 266 O32 


The metal Leing made at present averages over 97 per cent, and 
a specimen kindly sent the author compares favorably with other 
commercial brands. A specimen sent me at an early stage of the 
priasss contained copper, probably from the copper anodes, but 
this has since been avoided by discontinuing the use of copper 
anodes in making the pare aluminium. 

The esential features of Mr. Hall's process have been ante- 
dated ; the principle of dissolving alumina in a fluid bath, and 
eleetrolyzing it without decomposing the solvent, is the matter of 
Henderson’s patent issued in 1887, and Bernard Bros. claim the 
use: of a copper anode in their patent of the same year (pp. 273 and 
274). It is only inst to Mr. Hall, however, to observe that his 
patent applications were dated in 1886, and that the use of these 
principle is clearly original with him. If we seek to find the 
v of the process, basing uur calculations on the data given, 
we reach the following results: The current is said to average 
1700 amperes and 20 volts, being 10 volts to each pot. A cur 


140020 oy a little over 45 elec 





rent of this size would represent 








tric horse-power, which would need about a fifty horse-power 
engine to drive the dynamos. If the energy of this current could 
le entirely utilized for dissociating alumina into aluminium and 
1700 x 20 x 0.00024 iy 
7250 

grammes per second, or 4 kilos per hour. Since the output is 
stated as 1 Ib. per hour for each pot, the production of aluminium 


oxygen, it would be able to produce 





represents a or nearly one-quarter of the energy of the current, 


which it is almost needless to observe, is a high efficiency in this 
kind of work. Further, a current of 1700 ampéres passing 
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works produce about 200 Ibe. of aluminium contained in alloys 
per day. The raw bronze is stacked until several runs have 
accumulated, then a large batch is melted at once in a reverbera- 
tory furnace, refined, and diluted to the proportion of aluminium 
required by adding pure copper. 

The Cowles Company, both in England and America, produce 
six standard grades of bronze as follows :— 


“Special” A 5. se 11 per cont, of aluminium. 
A. . . . 10 = bad 


Bek ety ops GL 8 “ 
Dich Lo ky ES See OP A “ 
Doe ce 4 tt es BP “ 


E . . . . . ~ = bad 


Their ferro-aluminium is sold with usually 5 to 7 per cent. of 
aluminium, but 10, 13, and 15 per cent. is furnished if asked for. 

Products of the Cowles furnace.—Dr. W. Hampe obtained the 
following results on analyzing a sample of Cowles Bros.’ 10 per 
cent. bronze :— 


Copper sw ee ee eee 90,058" 





Aluminium . . . . . . . . . 8.236 © 
Silicon =. . ee ee eB 
Carbon ew ee ee 104 
Magnesium 5 wwe eee 0019 
Hot sar oe es mg: 
100.013 


A sample of 10 per cent. bronze, made in the early part of 
1886, and analyzed in the laboratory of the Stevens Institute, 
showed— 


Copper. we we ew 880 
Aluminum. 6. wee ee BB 
Bilieot sie CZ a i, es 8 


but it is evident that the percentage of silicon has since then been 
lowered. 

The ferro-aluminium used by Mr. Keep in his tests on cast- 
iron was furnished by the Cowles Company, and analyzed— 


Alominiom . . . . . . . . . 11.42 
Silicon . . . . . . . . . 3.86 
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circulation, so that each element of the electrolyte may be con- 
tinuously liberated at one of the poles and the presence of any” 
foreign material, as bits of carbon, between the poles is to be 
avoided if possible, since they short-cirenit the current and hinder 
electrolysis proper. I think the arrangement of the furnace 
shows no attempt to fulfil any of the usual conditions for clectrol- 
ysis, and one of the best arrangements for converting the energy 
of the current entirely into heat. Dr. Hampe, however, in spite 
of these evident facts, draws the conclusion that because he was 
unable to reduce alumina by carbon in presence of copper at the 
temperature of a Deville lime-furnace that it was therefore to 
be assumed that even the somewhat higher temperature of the 
electric farnace alone would be insufficient to accomplish the de- 
sired reaction, and hence the effect of the electric are must be not 
only electro-thermic in supplying heat, but afterwards electro- 
Iptic, in decomposing the fused alumina, 

‘Tf we figure out the useful effect of the current, i, ¢., the pro- 
portion of its energy utilized for the purpose of reducing alumina, 
we find a low figure, but it is well to note that although the 
power required is one of the main features of this way of reduction 
yet this item is so cheap at the firm’s works that it becomes a 
secondary consideration in the economy of the process. A 300 
horse-power current is equivalent to an expenditure of 





0x 70000 = 191000 calories of heat per hour, Theo- 
retically, this amount of heat would produce 1 = 26} kilos 


or 58 pounds of aluminium. However, about 7 pounds are ob- 
tained in an hour's working, which would show a useful effect of 
12 per cent. This should even be diminished, since no account 
has been taken of the combustion of carbon in the furnace to car= 
bonie oxide. The remainder of the heat account, probably 90 
per cent. of the whole, is partly accounted for by the heat con- 
tained in the gases escaping and the materials withdrawn from 
the furnace (of which no reasonable estimate can be made, since 
the question of temperatures is so uncertain) and the large re- 
mainder must be put down as lost by radiation and conduction. 
As before remarked, water power is obtained by this company 
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revolutions per minute, but sufficidht margin was allowed in the 

strength of the field to be able to work to 30 volts, They have 

even worked up to 35 volts on unusual occasions without any 

undue heating. It happens sometimes that the end of the anode 

touches the molten cathode, producing a short circuit, when the 

corrent will suddenly rise to from 20,000 to 25,000 amperes bs 
without, however, damaging the machine. 

The main conduetors are naked copper cables, about 10 cen- 
timetres diameter, and no special precautions are taken to insulate 
them, since the current is of comparatively low potential, and a 
leakage of 100 ampéres more or less in such a large current is too 

to take the trouble to avoid, An ampéremeter is 

placed in the main circuit, its dial being traversed by an index 

about 1 metre long, which is closely watched by the workman 
the furnace. 

The furnace or crucible first used consisted of an iron box cast 
around a carbon block, the iron, on contracting by cooling, securely 
gripping the surface of the carbon on all sides, and thus insuring 
perfect contact and condaction of the current from the cathode 
inside. This method was found only suitable for small crucibles, 
and the next furnace was built up of carbon slabs held together 
by a strong wrought-iron casing. The interior depth of the 
crucible was 60 centimetres, length 50 and breadth 35 centimetres, 
which would permit the introduction of the carbon anode and 
leave a clear space of 4 centimetres all around it’ horizontally. 
At the botton of the cavity is a passage to a tap-hole, D (Fig. 28), 
closed by the plug 4, which is withdrawn from time to time to 
run off the alloy. The carbon anode, F, is suspended vertically 
above the crucible by pulleys and chains, which permit it to be 
raised and lowered easily and quickly. This anode is built up of 
large carbon slabs laid eo as to break joints, and securely fastened 
together by carbon pins. The whole bar is 250 centimetres long 
with a section of 43 by 25 centimetres, and weighs complete 255 
kilos. The conductor is clamped to the anode by means of the 
copper plates, G. The crucible is covered on top by carbon 
slabs, /7, H, 5 centimetres thick, leaving an opening just large 

for the anode to pass through. The openings, J, J, closed 
by the lids, K, K, serve for introducing fresh copper and alumina. 
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touch the molten cathode, Particular stress is laid on the econ- 
omy of keeping the distance between the electrodes small, the 
reason given being that “the space between, being filled with a 
layer of badly-conducting molten ore, offers a resistance which 
increases with the distance ; and although resistance is necessary, 
in order that the current should produce heat, it is not economical 
to have more heat than is necessary to melt the ore—the work of 
separating the metal from the oxygen being chiefly done by the 
electrolytic action of the current, and not by the high temperatnre.”” 
In practice, this intervening space is not over 3 millimetres (one- 
tenth of an inch). The workman in charge, by watching the 
indications of the ampéremeter, is enabled to maintain the’ anode 
at its proper distance without any difficulty; it is proposed to do 
this regulating automatically by means of an easily-constructed 
electrical device. The oxygen liberated gradually burns away 
the anode, it being found that about 1 kilo of the anode is con- 
sumed for every kilo of aluminium produced. 

After the operation commences, the alumina and metal are 
introduced alternately in small quantities at frequent and regular 
intervals, and the alloy is tapped out about every twelve hours. 
The only wear to which the crucible is subjected is from the 
accidental admission of small quantities of air; this waste is 
scarcely appreciable. All oxygen evolved from the bath is 
evolved in contact with the anode and burns it, When the anode 
has worn down until too short for further use, it is replaced by 
another, the pieces of carbon left being utilized for repairing, 
covering or building up the crucible. The operation is kept up 
night and day, and it is generally more than a day after start- 
ing before the crucible is thoroughly up to its maximum heat 
and work. Two reliefs of five men each operate the plant, one 
to superintend, one to prepare and dry the alumina, a third to 
control the working of the crucible by working the anode, a 
fourth to feed ore and metal into the crucible, and the fifth to 
take care of the machinery, prepare anodes, crucibles, etc, All 
five work together to replace an anode or tap the crucible. A 
part of each tapping is analyzed, to determine its percentage of 
aluminium. It is the aim to ‘produce as rich a bronze as possible 
‘at the first operation (over 42 per cent. of aluminium has been 
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deposition. If, then, from the figures given, there was actually 
produced 3.3 kilos and 6.8 kilos per hour, and 10.5 to 12 kilos 
are claimed when up to full efficiency, it is impossible that more 
than a fraction of the aluminium is produced by electrolytic decom- 
position of alumina, and the claim that the process is essentially 
electrolytic is without foundation. Similar calculations with the 
data given with regard to Cowles’ process will lead to exactly 
similar conclusions, viz: that the absolute energy of the current, 
if converted into its heat equivalent, is many times more than 
sufficient to account for the decomposition of the alumina on 
thermal grounds, but the amount of current used will not suffice 
to explain the decomposition of the alumina as being electrolytic. 
‘Therefore, in both these processes the oxygen is abstracted from 
alumina by carbon, the condition allowing this to take place being 
primarily the extremely high temperature and secondarily the 
fluidity of the alumina. The presence of copper is immaterial, 
as is clearly shown in the Cowles process. 

‘The Heroult process has been rapidly extended. In November, 
1888, a syndicate was formed in Berlin, with a capital of $2,500,- 
000, which purchased the Heroult continental patents and has 
united with the former Swiss owners in forming the Aluminium 
Tadustrie Actien Gesellschaft, which has commenced to erect a 
very large plant in place of the former one, at Neuhausen. Dr. 
Kiliani has been made manager of the works, which are being 
rapidly completed, and will include, when finished, foundries and 
machine shops for casting and utilizing their product. The new 
plant will consist of 8 crucibles, capable of producing at least 10 
tons of ten per cent. bronze in 24 hours. 

Ta the beginning of 1889, the Societé Electro-Metallurgique of 
France, located at Froges (Isere), commenced to manufacture 
alloys by the Heroult process. Their plant consists of two tur- 
bines of 300 horse-power each, with two dynamos of 7000 
amperes and 20 volts each. The output is estimated at 3000 
kilos of alloys per day, which probably means 200 to 300 kilos 
of aluminiom. 

An experimental plant, under the direction of Mr. Heroult, 
was started in July, 1889, at Bridgeport, Conn., but the dynamo 
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of hydrogen ; the solution was colorless and gave with ammonia 
& gelatinons precipitate of hydrated alumina, My numerous 
occupations did not permit me to assure myself of the purity of 
the metal. Moreover, the experiment was made under conditions 
which leave much to be desired, but my intention is to continue 
my experiments and expecially to operate at a higher temperature, 
In addressing this note to the Academy I but desire to call the 
attention of chemists to a process which is very simple and sus- 
ceptible of being improved. I hope before many days to be able 
to exhibit larger globules than those which my first experiment 
furnished.” 

M. Chapelle never did address any further communications to 
the Academy on this subject, and we must presume that further 
experiments did not confirm these first ones, The author was 
once called upon to examine a slag full of small, white, metallic 
globules, the result of fusing slate-dust in a similar manner to 
M. Chapelle’s treatment of clay. They proved to be globules of 
siliceous iron reduced from the iron oxide present in the slate. It 
is not impossible that Chapelle’s metallic globules were something 
similar in composition to these. 

G. W. Reinar® states that the pyrophorous mass, which results 
from igniting potash or soda alum with carbon, contains a car- 
honiferous alloy of aluminium with potassium or sodium, from 
which the alkaline metal can be removed by weak nitric acid. 

The manager of an aluminium company in Kentucky claims 
to produce pare aluminium by a process which the newspapers 
state consists in smelting down clay and cryolite in a water- 
jacketed cupola reducing furnace, it being also stated that the 
aluminium is reduced so frecly, and gathers under the slag so 
well, that it is tapped from the furnace by means of an ordinary 

‘These are all the particulars which have been made 
public. As to whether this company really does make alumin- 
ium by any such process, I am unable to assert ; about all that 
can be said further is that it has advertised its metal extensively 
at $2 to $3 per Ib., and a sample of it sent toa friend of mine 
upon application was truly aluminium of fair quality, 


* Wagner's Jahreab., 1859, p. 4. 
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of alumina jntimately mixed with carbon. The balls are dried, 
then treated with steam in appropriate vessels for the purpose of 
driving off all the chlorine, care being taken to keep the tempera- 
ture so high that the steam is not condensed, The temperature 
is then raised so that the tubes are at a low red heat, and dry 
carbon dioxide, CO*, is then passed through, This gas is reduced 
hy the carbon to carbonic oxide, CO, which now, as affirmed by 
Mr. Morris, reduces the alumina. Although the quantity of 
‘carbonic oxide excaping is in general a good indication of the pro- 
gress of the reduction, it is, nevertheless, not advisable to continue 
heating the tubes or vessels until the evolution of this gas has 
consed, a8 in consequence of slight differences in the consistency 
of the balls some of them give up all their carbon sooner than 
others. The treatment with carbon dioxide lasts about thirty 
hours when the substances are mixed in the proportion of five 
parts carbon to four parts alumina. Morris states further that 
‘the metal appears as a porous spongy mass, and is freed from the 
residaal alumina and particles of charcoal either by smelting it, 
technically “ burning it out,” with cryolite as a flux or by mechani- 
‘cal treatment. 


Repverion ny Hyprocen. 


F. W. Gerhard* decomposes aluminium fluoride or eryolite by 
subjecting them to hydrogen at a red heat. The aluminium com- 
pound is placed in a number of shallow dishes of glazed earthen- 
ware, each of which is surrounded by a number of other dishes 
containing iron filings. These dishes are placed in an oven pre- 
viously heated to redness, hydrogen gas is then admitted, and the 
heat increased. Aluminium then separates, hydrofluoric acid, 
HP, being formed, but immediately taken up by the iron filings 
and thereby prevented from reacting on the aluminium. To 

the pressure of the gas from becoming too great, an exit 
tube is provided, which may be opened or closed at pleasure. This 
process, patented in England in 1856, No. 2920, is ingenious and 


* Watts! Dictionary, article * Aluminium," 
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of furnace. The furnace alluded to consists of three shaft fur- 
naces, the outer ones well closed on top by iron covers, and con- 
nected beneath by tubes with the bottom of the middle one: the 
tubes being provided with closing valves. These side shafts are 
simply water-gas furnaces, delivering hot water-gas to the central 
shaft, and by working the two alternately supplying it with a 
eontinuons blast. The two producers are first blown very hot by 
running a blast of air through them with their tops open, then 
the cover of one is closed, the blast shut off, steam turned on just 
under the cover, and water-gas immediately passes from the tube 
at the bottom of the furnace into the central shaft. The middle 
shaft has meanwhile been filled with these three mixtures in their 
proper order :-— 

First. A mixture of sodium carbonate, carbon, sulphur and 
alumina. 

Second. Alumininm sulphate. 

Third. A flux, preferably a mixture of sodium and potassium 
chlorides. 


This central shaft must be already strongly heated to commence 
the operation, it is best to fill it with coke before charging, and as 
soon as that is hot to put the charges in on the coke, Coke may 
also be mixed with the charges, but it is not necessary. The 
process then continues as follows: The water-gas enters the bottom 
of the shaft ata very high temperature. These highly heated 
gazes, carbonic oxide and hydrogen, act upon the changes so that 
the first breaks up into a combination of sodium sulphide and 
aluminium sulphide, from which, by double reaction with the 
second charge of aluminium sulphate, free aluminium is produced. 
As the latter passes down the shaft, it is melted and the flux 
assists in collecting it, but is not absolutely necessary. Instead 
of producing this double sulphide, pure aluminium sulphide 
might be used for the first charge, or a mixture which would gen- 
erate it; or again pure sulphide of sodium, potassium, copper, or 
any other metallic sulphide which will produce the eflect alone, in 
which case aluminium is obtained alloyed with the metal of the 
sulphide. Instead of the first charge, a mixture of alumina, sul- 
phur and carbon might be introduced. Or the aluminium sul- 
phate of the second charge might be replaced by alumina, So 
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one charge may be sulphide of sodium, potassium or any other 
metallic sulphide, and the second charge may be either alumina 
or aluminium sulphate. 

Messrs. Pearson, Turner, and Andrews* claim to produce alu- 
minium by heating silicate of alumina or compound silicates of 
alumina and other bases with calcium fluoride and sodium or 
potassium carbonate or hydrate, or all of these together. If other 
metals are added, alloys are obtained. 


Repucrios tx PRESENCE OF OR BY COPPER. 


Calvert and Johnsont obtained copper alloyed with aluminium 
hy recourse to a similar chemical reaction to that employed to 
get their iron-aluminium alloy. Their mixture was composed 
of— 


20 equivalents of copper =.» sss 640 parts. 
8 (24) aluminium chloride . . =. 1076“ 
10 “ lime. 2. ew 280 


“We mixed these substances intimately together, and after 
having subjected them to a high heat for one hour we found at 
the bottom of the crucible a melted mass covered with cuprous 
chloride, Cu?CP, and in this mass small globules, which on 
analysis contained 8.47 per cent. aluminium, corresponding to the 
formula— 





Sequivalents of copper... 160 91.96 per cent. 
1 “ aluminium. . 14 sg 
100.00 


“We made another mixture of aluminium chloride and copper 
in the same proportions as above, but left ont the lime. We ob- 
tained an alloy in this case also, which contained 12.82 per cent. 
aluminium, corresponding to the formula— 


3 equivalents of copper . + » 96 87.27 per cent. 
1 oF aluminium . . 14 12.73“ 
100.00 





* English Patent, 12332, Sept. 12, 1887. 
t Phil. Mag. 1855, x. 242. 
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were intimately mixed and finely powdered, put in a white-clay 
erucible and covered with eryolite, The whole was slowly heated 
to bright redness, and kept there for two hours, A bright button 
was found at the bottom of the crucible. This button was of the 
same specific gravity as pure copper, and a qualitative test showed 
no trace of aluminium in it. A friend of mine, Dr. Lisle, has 
repeated this experiment, taking the metal produced and return- 
ing it to another operation and repeating this four times, but the 
resulting button scarcely showed a trace of aluminium, 

Dr. W. Hampe has lately made an exhaustive test of this sub- 
ject with the following conclusions :-—* 

“The reduction of alumina by carbon, although often patented, 
is on thermo-chemical grounds highly improbable, but since alu- 
minium in alloying with copper, especially in the proportions 
$1.7 parts of the former to 90.3 parts of the latter (AICu‘), evolves 
much heat, it might be possible that the reaction 

APO? +30+8Cu=2AlCat+300 

is exothermic, I therefore mixed alumina with the necessary 
quantity of lamp-black and copper, in other cases evaporated 
together to dryness solutions of aluminium and copper nitrates, 
afterwards igniting them to oxides and adding the necessary 
amonnt of carbon, These mixtures were put into gas-carbon 
crucibles contained within plumbago pots with well-luted covers, 
and heated in a Deville blast-furnace to a temperature sufficient 
to frit together the quartz sand with which the space between the 
two crucibles had been filled. In no case was there a trace of 
aluminium produced, nor did the addition of any flux for the 
alumina affect the result in any way.” 

‘The possibility of reducing aluminium sulphide by copper has 
been generally decided affirmatively. M. Comenge claimed that 
it was possible (see p. 322), Reichel} also stated unreservedly that 
copper filings performed the reduction at a high temperature. In 
#n experiment by the author, copper foil was used instead of 
copper filings, the latter not being immediately at hand, and the 


* Chemikor Zeitung (C8thon), xxii. p. 301 (1888), 
{ Journal fiir Pr. Chemie, xi, p. 55. 
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in this reaction; finally, the author has obtained encouraging 
results, I used a product containing 32.3 per cent. of aluminiam 
sulphide. On mixing this intimately with fine iron filings, and 
subjecting to a high heat for one and a half hours, the product 
was a loose powder in which were small buttons of metal. They 
were bright, yellower than iron, and contained by analysis 9.66 
per cent. of aluminium, 

HL Niewerth* has patented the following process: “ Ferro- 
silicum is mixed with aluminium fluoride in proper proportions 
and the mixture submitted to a suitable red or melting heat by 
which the charge is decomposed into volatile silicon fluoride 
(SIF, iron and aluminium, the two latter forming an alloy. Tn 
order to obtain the valuable alloy of aluminium and copper from 
this ivon-aluminium alloy, the latter is melted with metallic cop- 
per, which will then by reason of greater affinity unite with the 
alaminium, while the iron will retain but an insignificant amount 
of it. On cooling the bath, the bronze and iron separate in such 
a manner that they can readily be kept apart. In place of pure 
aluminium fluoride, cryolite may advantageously be employed, 
or aluminium chloride may also be used, in which ease silicon 
chloride volatilizes instead of the fluoride, Or, again, pure silicon 
may be used with aluminium fluoride, cryolite, or aluminium 
chloride, in which case pure aluminium is obtained.” 

Mr. W. P. Thompson has taken ont a patent in Englandt for 
the manufacture of aluminiom and similar metals, which is car- 
vied out as follows: The inventor employs as a reducing agent 
iron, either alone or conjointly with carbon or hydrogen, The 
operation is effected in an apparatus similar to a Bessemer con- 
verter, divided into two compartments, In one of these com- 
partments is placed melted iron, or an alloy of iron, which is 
made to run into the second by turning the converter. This last 
compartment has two tuyeres, one of which serves to introduce 
hydrogen, while by the other is introduced cither aluminium 
chloride, fluoride, double chloride or double fluoride with sodium, 
in liquid or gaseous state. In presence of the hydrogen, the iron 

* Sei. Am. Suppl., Nov. 17, 1883. 
{ Bull, do In Soe, Chem. de Paris, 1880, xxiv. 719, 
$ March 27, 1879, No. 2101. 
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alloy having the composition of 1 equivalent of aluminium to 
6 equivalents of iron, or with 9.09 per cent. of aluminium. The 
alloy we obtained contained 12 per cent., which leads to the for- 
mula AlFet. This alloy, it will be noticed, has an analogous 
composition to the one we made of iron and potassium, and like 
it was extremely hard, and rusted when exposed to a damp atmos 
phore. Still it could be forged and welded. We obtained a 
similar alloy by adding to the above mixture some very finely 
pulverized charcoal and subjecting it toa high heat in a forge 
furnace for two hours, This alloy gave on analysis 12.09 per 
cent.* But, in the mass of calcium chloride and carbon remain- 
ing in the crucible there was a large amount of globules varying 
in size from a pin-head to a pea, as white as silver and extremely 
hard, which did not rust in the air or in hyponitric fumes. Its 
analysis gave 24.55 per cent. aluminium; the formula AFF 
would give 25 percent. Therefore this alloy bas an analogous 
composition to alumina, iron replacing oxygen. We treated these 
globules with weak sulphuric acid, which removed the iron and 
loft the aluminium, the globules retaining their form, and the 
metal thus obtained had all the properties of the pure aluminium. 

“We haye made trials with the following mixture, but although 
they have yielded results, still they are not sufficiently satisfactory 
to describe in this paper, which is the first of a series we intend 
publishing on alloys, This mixture was :>— 


Kadtin. «© + + «© «© « « « 1750 parts. 
Soliumebloride . . . «© 6 + 5 120 
3 Gt ES Secon a) 
“ From this we obtained a metallic mass and a few globules 
which we have not yet analyzed.” 


(See also Benzon’s process, p. 325.) 

M. Chenot,t on the occasion of Deville’s first paper on alumin- 
ium being read to the French Academy, Feb. 6, 1854, announced 
that in 1847, by reducing earthy oxides by means of metallic 


* In the original paper it is given as 12.09 per cont, iron. The inference is 
unavoidable that this was a misprint, bat it fs not corrected in the Errata at 
‘the nd of the volume. 

+ Comptes Rendue, xxviii, 415, 
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minium in specimens of wootz, nor could Henry, a very expert 
analyst, The latter suggested that Faraday was misled by the 
alumina contained in intermingled slag, yet the latter obtained 
alimina without silica in his analyses. In the light of more re- 
cent developments we would accept Faraday’s results as being 
very near the truth in the matter. 

Ledebuhr* quotes an analysis made by Griiner in which 0,50 
per cent, of aluminium was found in cast-iron containing besides 
2.30 per cent. of carbon and 2.26 per cent, of silicon. This 
would tend to show that under certain conditions iron takes up 
aluminium in the blast-furnace. Karsten, however, in his many 
analyses of malleable iron, steel and east-iron only found alu- 
minium in unweighable quantities. Griiner and Laut stated 
that aluminium is reduced in small quantities in the blast furnace 
if the temperature is high and the slag basic; a large addition of 
lime thus increases the reduction of alumina and hinders that of 
silica. Most pig irons contain very small amounts of aluminium, 
but some English varieties contain 0.5 to 1.0 per cent. and several 
Swedish pig irons 0.75 per cent. Schafhiiutl{ found as much as 
1.01 per cent. of aluminium in a grey iron, and was led to con- 
sider silicide of iron and aluminide of iron as characteristic com- 
ponents of grey iron. Lohage§ states that adding alumina in the 
manofactare of cast-steel has a great influence on the grain ‘and 
lustre of the steel, the effect being doubtless due to a minute 
quantity of aluminium taken up, Silicates of magnesium and 
aluminium are formed at the same time and separating out float 
on the surface of the molten steel. Corbin|| reports 2.38 per 
cent. of aluminium in chrome steel, but Blair, of Philadelphia, 
found no more aluminium in chrome than in other steels, This 
chemist bas examined many irons and steels particularly for alu- 
tminium, and reports that nearly always it exists as such in steel, 
but never more than a few thousandths of a per cent., say (032 


* Handbuch der KisenbOttenkande, p. 265, 
{ Berg u. Hittenmannische Zeitung, 1862, p. 264. 
 Erdman’s Journal fr. Pr. Chemie, Ixvli. 257, 

§ Borg m. Hittenminnische Zcitung, 1861, p. 160. 
fj Silliman’s Journal, 1869, p. 348, 

| H.M, Howe, E. and M. J. Oct. 29, 1887, 








REDUCTION BY MISCELLANEOUS AGENTS, 335 


than before is needed, it is recommended that the oxygen be pre- 
viously heated. The principal difficulty in this latter process 
would apparently be to procure the aluminium ferrocyanide to 
operate on, 

Mr. Ostberg,* connected with the Mitis process for making 
wrought-iron castings, stated that the ferro-aluminium used in 
that process in Sweden was made by adding clays to iron in 
process of smelting, that it contained 7 to 8 per cent. of alu- 
minium, and could be made very cheaply. Inquiries made for 
further particulars about this process have received no satisfac- 
tory reply, and there is no outside confirmation of the above 
statement to be found. 

Brin Bros. claim that they can alloy aluminium in small quan- 
tities with iron (see p. 328). Besides the processes described as 
most suitable for producing bronze, they also state that if soft 
strap-iron is coated with the flux composed of clay and salt and 
heated to over 1000° C. in a muflle or a blowpipe flame, the iron 
aleorbs aluminium and becomes tough and springy, having many 
of the properties of steel. They also claim that by simply charg- 
ing broken lumps of cast-iron into a cupola with alternate layers 
of common clay and a flux, the metal run down contains as much 
us 1.75 per cent. of aluminium, yielding a very fluid, strong iron, 
which runs into the thinnest castings. The London papers state 
that the alloys thus produced assuredly contain aluminium, and 
that the contained aluminium does not cost over 25 cents per lb. 

A newspaper report speaks of exactly similar processes being 

by an aluminium company in Kentucky, (See also 
p- 317.) It is said that they charge a cupola with serap-iron, 
pig-iron, coke, clay, and a flux, and that on melting the charge 
down and pouring, the castings produced are similar to the best 
steel, the fracture of the metal being white, slightly fibrous and 
free from blow-holes. It it stated, further, that the castings, on 
analysis, contained 1.7 per cent. of aluminium, Serap-iron is 
also treated in the same way as reported by Brin Bros., being 
simply coated with a pasty mixture of clay and a flux and heated 
almost white-hot, when the iron absorbs aluminium. 


* Eng. and Mining Journal, May 15, 1886. 
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The Aluminium Process Company, of Washington, D. C., 
own several patents granted to W. A. Baldwin, of Chicago, Ill. 
In one of these,* a bath is formed by fusing together 4 parts of 
ground clay, 12 parts of common salt and 1 part of charcoal. 
powder. The metal to be alloyed, e. g., an iron bar, is thrust into 
the bath, which is not hot enough to melt it, and allowed to re- 
main some time, with occasional stirring, until the alloying is 
complete. In the case of metals with low fusing points the metal 
may be melted with the mixture. It is claimed that the metal 
takes up a small percentage of aluminium. With a more highly 
aluminous material than clay, the proportions of salt and carbon 
are to be increased proportionately. In a modification of this 
process adopted for foundry practice,t a mixture of clay, salt and 
carbon, similar to the above, is put into a large ladle and the 
molten iron tapped directly from the cupola on to it. A brisk 
stirring up of the iron takes place, much scum rises to the sur- 
face, and the resulting iron is more fluid, can be carried further 
before setting, and makes sounder and stronger castings than 
similar iron not treated. The resulting iron does not contain 
enough aluminium to be detected by quantitative analysis. Old- 
fashioned fluxes used long ago in foundries were similar in 
composition to this mixture used by Baldwin, and were found 
efficacious in freeing dirty iron from slag and other impurities. 
It is hard to see how this latter process is anything but the use 
of acommon flux, with a different explanation as to how it acts— 
the explanation being probably the most questionable part of the 
whole. The first-mentioned process, however, has the merit of 
novelty, and pieces of poor iron treated by it are made springy 
and much like steel, but whether this is due to absorption of 
aluminium is doubtful. 

The Williams Aluminium Company, of New York City (works 
at Newark, N. J.), manufacture an alloy which they call alumin- 
ium-ferro-silicon and sell for foundry use. A year or more ago 
this alloy was represented to contain 10 per cent. of aluminium, 
but several analyses disproved this and recently the alloy has 


* English Patent, 2584, Feb. 21, 1888. 
t U.S. Patent, 380161, March 27, 1688. 


REDUCTION BY MISCELLANBOUS AGENTS, 337 


been sold simply on the guarantee of what it will accomplish, 
‘The metal at present sold by this company does contain a small 
amount of aluminium, and its action on poor foundry iron is 
similar to that of other brands of ferro-aluminium ; therefore, as 
Jong as no certain percentage of aluminium is now claimed, the 
company is certainly doing a legitimate business. (For method of 
using, ete,,see Chap. XVI.) The alloy is made by melting down 
a mixture of iron filings, clay, salt, charcoal, and another flux 
whose composition is not divulged. his is put into cast-iron 
pots and the whole charge, crucibles and all, ran down in a fur- 
nace of peculiar design constructed by Mr, Williams. The capa- 
city of the plant is about 1000 Ibs. of alloy a day, which is 
broken by small stamps into pieces of about an inch diameter and 
sold at 10 cents per Ib. Mr. Williams is at present experimenting 
on manufacturing aluminium bronze by the same methods, and 
8 sample piece recently forwarded the author has a very promising 


appearance. 


Repuction Ry oR IN PRESENCE oF Zrxc. 


M, Bekétoff,* was not able to reduce vapor of aluminium 
chloride by vapor of zine, although silicon chloride under the 
sume conditions was readily reduced. 

M. Dullot observes that the double chloride of aluminium and 
sodium, which he makes directly from clay, may be reduced by 
zine. He says, “the reduction by zine presents no difficulties, 
but it is less easy than with sodium. An excess of zine should 
be employed, which may be got rid of afterwards by distillation. 
‘The metal thus prepared possesses all the characteristics and all 
the properties of that obtained from beauxite with sodium.” 

M,N. Basset,t a chemist in Paris, patented a somewhat similar 
process for obtaining aluminium. If the statements are correct 
they are of great value. The paper is as follows: “All the 
metalloids and the metals which form by double decomposition 
proto-chlorides or sesqui-chlorides more fusible or more soluble 


* Bolletin de La Sooieté Chemique, 1857, p. 22, 
{ Bull. do In Soc, Chem., 1860, v. 472, 
t Le Genie Industriel, 1862, p. 162, 
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some, the metallic product of the second operation may be treated 
with dilute sulpharie acid to remove it. The insoluble residue is 
washed and melted layer by layer with fluorspar or eryolite and 
a small quantity of aluminium-sodium chloride, intended solely 
to help the fasion.” 
Mr. Wedding,* makes the following remarks on this process :— 
“Tt is some time since Mr, Basset established the possibility of 
replacing sodium by zinc in the manufacture of aluminium. 
on aluminium-sodium chloride with granulated zine, 
the reduction takes place towards 300°. The reduced aluminium 
dissolves in the excess of zinc, while the zine chloride formed 
combines with the sodium chloride, forming a pasty mass if the 
heat is not raised. Under the action of heat the alloy enriches 
itself in aluminium, because the zine volatilizes. The zine re- 
tained by this alloy is completely eliminated by fusion with 
double chloride and a little fluorspar. ‘The temperature ought to 
be pushed at last to a white heat, and maintained till no vapor of 
zine escapes, air being excluded during the operation. These 
results I have confirmed, having submitted the experiments of 
Mr, Basset) to an attentive examination, and I recommend its use. 
However, the process demands very much precaution because of 
the high temperature which it necessitates. Another chemist, 
‘Mr. Specht, even in 1860 decomposed aluminium chloride by 
‘zine, and has the same report to make—that he thinks the pro- 
cess will be some time advantageously practised on a large scale,” 
‘The author made the following experiment to determine if 
eryolite would be reduced by zinc: One pound of finely powdered 
eryolite was melted in a graphite crucible and 6 ounces of granu- 
lated zine dropped into it. No perceptible reaction took place 
except the volatilization of zine when the cracible was uncovered, 
and the metal obtained after 15 minutes’ treatment contained on 
analysis 0.6 per cent. of alaminium. 
Mr, Fred. J. Seymourt patented the reduction of aluminium by 
zine, making the following claim : An improvement in extracting 
aluminium from aluminous earths and ores by mixing them with 


\-~ * Journal do Pharm. [4] {il. p. 155 (1866). 


1 U.S. Pat, No, 291631, Jan. 8, 1884, 
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of the worthlessness of the process, called for a meeting to wind 
up the company. One month later Mr. Seymonr died. The 
story went the rounds of the daily press that the one metallurgist 
who commanded the secret of obtaining cheap aluminium had 
died taking the talisman with him, and a vivid picture was drawn 
of the manner in which the secret had been preserved by means 
of twelve-foot palisades, doubly-bolted doors, and by working at 
the midnight hour. Alas! the secret was out one month before he 
died. 

A method of reducing cyanide of aluminium by means of zine 
is the subject of a patent granted F. Lauterborn.* Fourteen parts 
of aluminium sulphate dissolved in twiceits weight of water is pre~ 
cipitated by thirteen parts of ferro-eyanide of potassium dissolved in 
four times its weight of water; the precipitate of ferro-cyanide 
of alumininm is collected and dried. This substance is then 
mixed with slightly less than one-half its weight of dry, anhy- 
drous sodium carbonate, put in a crucible and ignited with as 
little admission of air as possible. The ferro-cryanide is decom- 
posed, iron carbide separates out, and, besides sodium cyanate, 
the doable eyanide of aluminium and sodium (Al’Cy* + 3NaCy) 
is obtained as a melted mass which is poured away from the 
heavier iron carbide at the bottom of the crucible. If two parts 
of this salt are then ignited with one part of zine in a covered 
erncible, aluminium separates as a regulus, while double cyanide 
of sodium and zinc remains as slag. The slag is dissolved in 
Waterand treated with metallic iron, whereby metallic zine is pre- 
cipitated out and a solution of ferro-cyanide of soda remains and 
can be used over in the process. 

I do not know whether Lauterborn has ever succeeded in 
carrying out this process ; it would appear at the very beginning 
that the precipitation of aluminium ferro-cyanide, although ap- 
pearing 2 priori possible, has always been found impracticable, 
alumina being precipitated. 

J. Clark, of Birmingham, England, has taken out several pat- 
ents in England and one in Germany. In the first,t hydrated 


* German Patent, 39915 (1887). 
$ English Patent, 15945, Dec. 6, 1886, 
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Repuction By MANGANESE. 


Walter Weldon* claimed to melt together cryolite with cal- 
cium chloride or some other non-metallic: chloride or sulphide, 
and then to reduce the aluminium chloride or sulphide produced 
by manganese, also adding metallic sodium to promote the reac- 
tion. It is not probable that the first reaction named can be 
produced, but the latter part, as far as the manganese is con- 
cerned, may succeed, as is indicated by the thermo-chemical study 
of the reaction (see p. 191). Of course, the manganese would 
have to be used as ferro-manganese or spiegeleisen and an iron 
alloy produced. Dr. Green, of Philadelphia, mixed powdered 
spiegeleisen with cryolite, placed the mixture in a graphite cru- 
cible and heated it close to the ports of an open-hearth steel fur- 
nace until it softened, yet the iron contained afterwards only 0.3 
per cent. of aluminium. 


Repucrion By MaGnesiumM. 


Magnesium develops more heat in forming compounds than 
aluminium does (sce p. 186), which would indicate that it would 
reduce aluminium compounds easily. Only one or two state- 
ments on this point can be found. Margottett states that mag- 
nesium will decompose molten eryolite, setting the aluminium at 
liberty. R. Gratzelt patents the reduction of a double fluoride 
of aluminium and potassium or sodium by metallic magnesium, 
or by conducting magnesium vapor into the liquid compound. 

Roussin§ states that magnesium does not precipitate alu- 
minium in a metallic state from its solutions. To test this point 
I placed a strip of magnesium in solution of aluminium sul- 
phate, when magnesium sulphate went into solution and a 
precipitate of alumina was formed. It is apparent that the alu- 
minium is first precipitated in the metallic state and promptly 
oxidized by the water as fast as set free, in a manner strictly 


* English Patent, No. 97 (1883). 
t Fremy's Ency. Chim. 

$ English Patent, 14325, Nov. 25, 1885. 
§ Jrnl. de Pharm. et de Chimie, iii. 413. 
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aluminium sulphide, but the button of metal obtained did not 
contain” trace of aluminium. 


Repverion ny Trx. 


J, S. Howard and F. M. Hill, assignors to the Aluminium 
Product Company, of New York, make the following statements 
in their patent specifications :* Some aluminous material is boiled 
in muriatie acid, cooled, mixed with Spanish white or lime, the 
free acid evaporated off at a high temperature, and the heat finally 
increased to about 1000° F., thereby volatilizing any iron present 
as chloride. The product thus obtained is put into a lime-lined 
erncible along with lime, charcoal, fluorspar, cryolite and potas- 
sium bisulphate, the whole covered with chloride of tin, and 
finally by common salt. This is subjected to a smelting tempera- 
ture, when on cooling it is claimed that an alloy of tin and alu- 
mininm is obtained. To separate the aluminium, the alloy is 
melted with lead or bismuth, which alloy with the tin, letting the 
aluminium float on the surface along with oxides and other im- 
purities. This is skimmed off and purified by exposure to heat 
on a bed of porous material. 

While we cannot altogether deny the possibility of metallic tin 
reducing aluminium chloride, yet it is not at all probable that 
this salt remains after the first ignition, It is also improbable 
that tin would reduce cryolite in the latter operation, but there is 
no direct evidence to contradict the above statement, 

Tn an experiment made by the author, aluminium sulphide was 
heated with tinfoil for a short time at a red heat. ‘The resulting 
metal contained 0.52 per cent. of aluminium, and from the pro- 
portions of tin and sulphide used, it was evident that a large part 
of the aluminium sulphide present had been reduced. 


Repvction By Prrospuorvs. 


+L. Grabau patented the following process, in 1883, but has 
since advocated altogether the use of sodium, showing that this 


* U.S. Patent, 375136, Feb. 21, 1888, 
t English Patent, 5798, Doo. 18, 1883, 
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it would be very interesting to know how it is to be prepared ; 
it would probably be a more difficult feat to get the reagent alone 
than to produce aluminium by many well-known methods, 


CHAPTER XIII. 


WORKING EN ALUMINIUM, 


Mewrixe Avesisiem. 


Devine: To melt aluminium it is necessary to use an ordi+ 
nary earthen crucible and no flux, Fluxes are always useless and 
almost always harmful. The extraordinary chemical properties 
of the metal are the cause of this; it attacks very actively borax 
or glass with which one might cover it to prevent its oxidation. 
Fortunately this oxidation does not take place even at a high 
temperature. When its surface has been skimmed of all impuri- 
ties it does not tarnish. Aluminium is very slow to melt, not 
only beeause its specific heat is considerable, but its latent heat 
appears very large. It is best to make a small fire and then wait 
patiently till it melts. One can very well work with an uncoy- 
ered erncible. 

Tu the fusion of impure aluminium, very different phenomena 
are observed according to the nature of the foreign metal which 
contaminates it. Ferruginous material often leaves a skeleton 
less fusible and pretty rich in iron ; a liquation has taken place, 
increasing the purity of the melted material, When the alumin- 
ium contains silicon, this liquation is no longer possible, or at 
Teast it is very difficult, and I have sometimes seen some com- 
mervial aluminium so siliceous that the workmen were unable to 
remelt it. When it is desired to melt pieces together, they can 
be united by agitating the crucible or compressing the mass with 
a well-cleaned, cylindrical bar of iron. Clippings, filings, ete., 
are melted thus: Separate out first, as far as possible, foreign 
metals, and to avoid their combining with the aluminium heat the 
divided metal to as low a heat as possible, just sufficient to melt 


Mii 
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mineral at a temperature a good deal higher than its melting 
Point. ! 


With extra care, heating in a furnace where the heat is under 
exact control, aluminium may be melted in sand crucibles or in 
cast-iron ones. In using sand or Hessian crucibles no flux must 
be added, and if the metal is heated slowly to a temperature only: 
enough above its melting point to admit of pouring quickly, it 
will be found that the crucible is unattacked. If, however, the 
crucible is heated to a bright-red heat at any part, it will be found 
that at that place the aluminium has attacked the crucible, and 
on pouring out the metal a thin, tough skin will be left adhering to 
the spot attacked and generally taking with it bits of the wall 
when it is forcibly detached, This thin sheet is hard, tough, and 
rich in silicon, while the rest of the metal poured out has also ab- 
sorbed « little siticon. An iron crucible acts in precisely the same 
way ; if the heat is kept close to the melting point of aluminiam the 
latter does not “wet” the iron, but at a bright-red heat it attacks it 
and adheres, as in the case of the sand crucible. I will repeat, 
that if the temperature is kept as low as it is possible to melt and 
cast the metal, and if no fluxes are used, neither the iron or sand 
crucibles are attacked. 

T have been told that in the large European works, where 500 
or 1000 Ibs. of aluminium are melted at once on the bed of a 
reverberatory furnace, the hearth was formerly protected by pure 
beauxite, closely rammed in and strongly fired before using, but 
husie magnesia bricks have now been substituted, similar to those 
used in basic open-hearth furnaces but of purer materials, and 
they are reported as being all that can be desired in their capacity 
for resisting corrosion. 


Castine ALUMINIUM, 


Deville: “Aluminium can be east very easily in metallic 
moulds, but better in sand for complicated objects. The mould 
ought to be very dry, made of a porous sand, and should allow 
free exit to the air expelled by the metal, which is viscous when 
melted. The number of venta ought to be very large, and a 
long, perfectly round git should be provided. The aluminium, 
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The idea is undoubtedly correct, and the excellently sound and 
extremely sharp castings obtained by Dr, Carroll attest its success 
in practice. 


Purirication or ALUMINIUM. 


Freeing from slag.—Deville gives the following information 
on this important subject —— 

“Tt is of great importance not to sell any aluminium except 
that which is entirely free from the slag with which it was pro- 
duced and with which its whole mass may become impregnated. 
We have tried all sorts of ways of attaining this end, so as to ob- 
tain a metal which would not give any fluorides or chlorides 
upon boiling with water, or give a solution which would be pre- 
cipitated by silver nitrate. At Glaciére we granulated the metal 
by pouring it while in good fusion into water acidulated with 
sulphuric acid ; this method partially succeeded. But the process 
which M. Paul Morin uses at present (1859), and which seems to 
give the best results, is yet simpler. Three or four kilos of alu- 
minium are melted in a plumbago erneible without a lid, and 
kept a Jong time red hot in contact with the air. Almost always 
acid fumes exhale from the surface, indicating the decomposition 
by air or moisture of the saline matter impregnating the metal. 
‘The crucible being withdrawn from the fire, a skimmer is put 
into the metal. This skimmer is of cast iron ; its surface ought 
not to be rough and it will not be wetted by the aluminium in 
the least during the skimming ; it may be of advantage to oxidize 
its surface with nitre before using. The white and slaggy mat- 
ters are then removed, carrying away also a little metal, and are 
put aside to be remelted. So, in this purification, there is really 
no loss of metal. After having thus been skimmed, the alumin- 
jum is cast into ingots, This operation is repeated three or four 
times until the metal is perfectly clean, which is, however, not 
easily told by its appearance, for, after the first fusion, the crude 
aluminium when cast into ingots has a brilliancy and color such 
: would judge quite irreproachable, but the metal would not 
clean when it was worked, and especially when polished 
| present a multitude of little points called technically 
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when doing this in an earthen crucible. The silica of the erncible 

is distolved by the nitre, the glass thus formed is decomposed by 
the aluminium, and the siliceous aluminium thus formed is, as we | 
know, very oxidizable, and especially in the presence of alkalies. 
So, the purification of aluminium by nitre ought to be done in a 
cast-iron crucible well oxidized itself by nitre on the inside. 

“On melting aluminium containing zinc in contact with the 
air and at a temperature which will volatilize the zine, the largest 
part of the latter burns and disappears as flaky oxide. To obtain 

acomplete separation of the two metals it is necessary to heat 
the alloy to a high temperature in a brasqued crucible, This 
experiment succeeds very well, but it is here shown that the alu- 
minium must oxidize slightly on its surface, for some carbon is 
reduced by the aluminium from the carbonic oxide with which 
the crucible is filled. This carbon thus separated is quite amor- 

” 

‘Dr, Lisle, of Springfield, O., tested the removal of zinc from 
aluminium by distillation and succeeded in obtaining a product 
with 98 per cent. of aluminium from which the zinc had been 

removed. If aluminium containing tin is melted 
with lead, the latter sinks with the tin, removing it almost com- 
pletely from the aluminium, but the metal remaining retains a 
little lead. In an experiment made by the author, aluminium 
with 10 per cent. of tin was treated in this way, but the aluminium 
retained nearly 7 per cent. of lead, giving it a blue color and large 
crystalline structure. M. Peligot is reported by Deville to have 
succeeded in cupelling aluminium with lead, whereby impure, 
tough metal became quite malleable. It may be that the small 
percentage retained by aluminium when melted with lead is re- 
moved by fusion on a cupel, but I have been unable to perform 
any operation with aluminium at all analogous to the cupellation 
oY silver with lead. 

G. Buchner states that commercial aluminium contains con- 
siderable quantities of silicon, which by treatment, when melted, 
with hydrogen evolves hydrogen silicide, ‘This does not result if 
arsenic is present. 

To test this point, I took a sample of aluminium containing 4 
ppestoent! of silicon, and 94 per cent. of aluminium. This was 
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When cast carefully it can be filed without fouling the file. 
Spun and stamped articles of aluminium can easily be ground by 
using olive oil and pumice. Biederman makes the following re- 
marks on polishing: “The use of the old means of polishing and 
burnishing metals, such as soap, wine, vinegar, linseed-oil, decoc- 
tion of marshmallow, ete., is not effective with aluminium, but, 
on the contrary, is even harmful ; because, using them, the blood 
stone and the burnishing iron tear the metal as fine stone does 
— Oil of turpentine has also been used, but with no good 

found, after many attempts, that a mixture of 
vo Denies pei spa ea flame adage a bot~ 
tle till an emulsified mass resulted, gave a very brilliant polish. 
The polishing stone is dipped in this liquid, and the metal pol- 
ished like silver, except that one must not press so hard in shin- 
ing up. The peculiar black streaks which form under the polish 
ing stone need canse no trouble; they do not injure the polish in 
the least, and can be removed from time to time by wiping with 
a lamp of cotton. The best way to clean a soiled surface and re- 
move grease is to dip the object in benzine, and dry it in fine 
sawdust.” 

Mr. J. Richards found that when buffing in the onlinary way 
the dark-colored burnishing powder cut into the metal and filled 
its pores with black specks. The best means of burnishing is to 
use & piece of soft wood soaked in olive oil, this closes the grain 
and gives a most brilliant finish. 


Exarayine. 


Kerl & Stohman: Aluminium resists the action of the engray- 

ing tool, which slides upon the surface of the metal as upon hard 

But as soon as a varnish of 4 paris of oil of turpentine 

and 1 of stearic acid, or some olive oil mixed with rum is used, 
the tool cuts into it as into pure copper. 


Ui 
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A long time ago, M. Hulot proposed to avoid the difficulty by 
previously covering the piece with copper, then soldering the 
copper surfaces, To effect this, plunge the article, or at least the 
part to be soldered, into a bath of acid sulphate of copper. Put 
the positive pole of a battery in communication with the bath, 
and with the negative pole touch the places to be covered, and the 
copper is deposited very regularly. M, Mourey has succeeded in 
soldering aluminium by processes yet unknown to me ; samples 
which I have seen looked excellent. I hope, then, that this pro- 
blem has found, thanks to his ingenuity, « solution ; a very im- 
portant step in enlarging the employment of aluminium.” 

Mourey’s first practicable solders for aluminium were of zine 
and aluminium and of two kinds—hard and soft. He used a 
soft solder to first unite the pieces and afterwards finished the 
soldering with a less fusible one. These solders contained — 


Lo om mn Ww. 
Aluminium. .  «  - 200 1512 8 8 
Zine » - - + . 80 85 88 OB 


The alloys with the larger proportion of zinc are the easiest melt- 
ing or softest ones, one such as TV being used for ordinary work, 
while IT was used for brazing. These solders have the disad- 
vantage that on melting they oxidize very easily, and in conse- 
quence of the film of oxide thus formed the work is so much 
more difficult. This difficulty can be overcome by dipping the 
small grains of solder in copaiva balsam and turpentine, which 
keep out the air and act as reducing agents during the operation. 
The new solders sabsequently used were simpler in application, 
for the work was finished with one solder and the moistening 
with balsam was rendered unnecessary. 

‘Mourey improved upon the zine-aluminium solders by adding 
copper, using five different alloys of these three metals according 
to the objects to be soldered. They contained— 


Coa ty ay ae 
Alaminiom . . . - 12 9 7 6 4 
Copper ay Ly 8 6 6 4 2 
Zine. - 80 85 88 90 «(94 





The following Giections are given for preparing these alloys :—* 


* Das Lithou, by Edmund Schlosser, Vienna, 1880, p. 101. 
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are immersed in dilute caustic alkali or a cyanide solution, washed 
and dried, They are then heated over a spirit lamp, coated with 
the solder and clamped together, small pieces of the alloy being 
placed around the joints. The whole is then heated to the melt- 
ing point of the solder and any excess of it removed, No flux 
is used. 

J. 8, Sellon patents the following method :* The aluminium 
surfaces are cleaned by scraping and covered with a layer of 
paraffin wax asa flux. They are then coated by fusion with a 
layer of an alloy of zinc, tin and lead, preferably in the propor- 
tions " 


AT OS il OS 
Tin Ree ateere sh ee tet ate cag tay a 
led 2 we 1 


‘The metallic surfaces thus prepared are soldered together in the 
usual way with any good solder. 

T am quite aware of the criticism which the above information 
about aluminium solders will meet,—that much more satisfactory 
alloys have been discovered and are now used ; and this is possibly 
the case, bat it must be remembered that a metal worker who by 

patiently discovers such an improvement considers that 
his reward is found in keeping to himself the monopoly of its 
use, and that to obtain these trade secrets is in most cases impos- 
sible, especially since the more yaluable they are the more care- 
fully are they guarded. 


Coatixe Merars wir ALuMisien. 


Many attempts have been made to give baser metals a thin 
coating of alominium and thus impart to them superficially the 
resisting ies of that metal. We may distinguish broadly 
two different methods of procedure used to accomplish this—the 
chemical (and electric) and the mechanical. Aluminium is not 
thrown down in a metallic state from its solutions by any other 
metal, and therefore it cannot be obtained asa plating by dipping 
in any solution of its salts. Further, it is probably not thrown 


Ma 


* English Patent, 11499, Sept. 26, 1885. 
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lows: “The coating of other metals with aluminium by the so- 
called plating method is, according to my own experience, possible 
to a certain degree, but the product is entirely useless, every plat- 
ing requiring an incipient fusing of both metals and their final 
intimate union by rolling. The ductility of aluminium is, how- 
ever, greatly injured by even a slight admixture with other 
metals; iron makes it brittle, and copper, in small per cent. 
makes it fragile as glass. Ifnow it were possible in any way to 
fuse « coating of aluminium upon another metal, there would be 
formed an intermediate alloy between the two metals from which 
all ductility would be gone and which would crumble to powder 
under the pressure of the rolls, thus separating the aluminium 
surface from the metal beneath. But even if it were possible in 
this way to coat a metal with a thin plate, it is still doubtful if 
anything would be attained thereby, For, while compact alu- 
minium resists oxidizing and sulphurizing agencies, the divided 
metal does not. In powder or leaves aluminium is readily oxi- 
dized, as is shown by its amalgam becoming heated in the airand 
quickly forming alumina. In the form of a coating upon other 
metals it must necessarily be in a somewhat finely divided state, 
and hence would probably lose its durability.” 

Dr. G, Gehring* has patented a method of aluminizing by 
which difficulty fusible metals, stone-ware or the like, cau be 
coated with aluminium, A mixture is made of a fatty acid 
(sebacic) and acetic acid with clay, etherized oil and aluminium 
{or aluminium bronze) in powder. This is spread evenly on the 
metal or object to be treated and then heated with a Bunsen 
burner using blast or in a muffle. The coating produced is silver 
white, does not oxidize under ordinary conditions, stands heating 
in an ordinary fire and can be highly polished, It is statedt that 
this process is now largely made use of in Germany. 

Somewhat analogous results are obtained by Brin Bros. (p. 335) 
without the use of metallic aluminium (similar to those claimed 
also by Baldwin, p. 336), but while in Dr. Gehring’s process 
the coating would be formed on any surface, in these other 


* German Patent, 29891 (1885). 
{ Bugineering and Mining Journal, Feb. 13, 1886. 
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strictly analogous to the reverse process described by Deville. 
For example, Morin describes the veneering with silver as follows: 
“Sheet silver is laid on the clean aluminium surface, a steel plate 
placed over the silver and the whole bound into a packet with fine 
copper wire. Two large cast-iron blocks are heated to a dark red 
heat, the packet placed between them and a pressure of 1 ton to 
the square centimetre (10 tons per square inch) applied gradually 
and sustained for 15 minutes. When removed from the hydraulic 
preas they can be rolled like silvered eopper when brought to the 
proper heat, The plating with gold succeeds best if a thin leaf 
of silver is slipped between the two sheets of metal, the operation 
proceeding then exactly as above. Platinum may be plated on 
aluminium just as easily as silver. 


Uses or ALuMiyium, 


Deville wrote in 1862: “ Aluminium isthe intermediate metal 
between the noble and the base metals.” This was true then of 
its price as well as of its properties; it does not withstand chemi- 
cal agents in general as strongly as the noble metals, but it with- 
stands air, water, sulphuric acid, nitric acid and sulphuretted 
hydrogen—which is not the case with iron, copper or even silver. 
We have then a semi-noble metal; but, while silver, gold and 
platinum have extremely small prospect of becoming noticeably 
cheaper, yet the time is probably not far distant when we shall 
have our semi-noble metal at the price of the base ones, This 
affords the immense future for aluminium, Whatever its price, 
it can only replace gold or platinum because of its lightness; it 
already replaces silver especially because of its resistance to sul- 
phur, as well as for its lightness, besides being cheaper; it can 
only replace the common metals, at its present price, for uses 
where its lightness is an extraordinary advantage. But, when its 
price is down to that of these baser metals, it will begin to re- 
them by virtue of its other superior qualities, chemical and 
aside from its lightness it will win a large field simply 
n with them on its merits asa metal. Thus, there 
tions now almost unthought of, because the high 
been a blank wall to stop ite use, but as it cheapens 
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‘On account of its resistance to sulphur, aluminium was early 
proposed in place of silver for many nses, M. Morin made an 
aluminium plate for use in place of a silver one for cooking eggs, 
and found that it answered perfectly, not beg blackened in the 
least. This would also suggest its use for egg-cups in place of 
silver ones, and, again, for the spoons with which the egg is eaten. 
For these uses it is much superior to silver. Whole services of 
plate have been made of aluminium instead of silver, and present 
a brilliant appearance. A service made recently by Tiffany & Co., 
of New York, and placed in their window attracted general ad- 
miration. We would recall, however, an expression of Otto's on 
this subject, which runs as follows: “ Were aluminium spoons as 
heautifal and durable as silver spoons they would not find place 
‘at the tables of the rich, because they are cheaper. It is more 
agreeable to use a light spoon than a heavy one, yet silver spoons 
are made as heavy as possible, and as large as small ladles, simply 
to show the wealth of the owner. The heavier the spoons the 
more is the man worth.” When aluminium becomes cheaper it 
will without doubt be used for culinary articles of many kinds, 

replacing copper and tin vessels, for it is attacked to a less degree 
by the acids and salts ordinarily found in food than either of 
those metals, and possesses the great superiority that if dissolved 
its salts are not poisonous like those of copper or tin, being, on 
the contrary, perfectly harmless, The sulphurous acid of the air 


or of the products of combustion likewise leave aluminium un- * 


touched, while they quickly blacken silver. This caused its early 
use for reflectors, for, while not taking at the start as high a 
polish as silver, yet it keeps its lustre indefinitely ; it has also the 
added superiority that its slight blue tint partly neutralizes the 
yellow color of artificial light, thus reflecting a very soft, white 
light. Even the unconsumed gas itself, containing sulphuretted 
hydrogen, does not blacken the aluminium reflector in the least. 
Tt would follow that as a material for candelabra, chandeliers, or, 
in general, for any objects exposed to the air in dwellings, alu- 
mininm keeps its color in a manner far superior to silver, This 
explains the superiority of aluminium leaf to silver leaf for 
alinost any use, either for picture-frames or mural decorations in- 
doors, or for outside decorations, especially in large cities where 
ua 
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had been practised. The tube was very light and therefore of 
little inconvenience to carry, and after wearing for some time the 
metal was very little attacked. After a long time a very thin, 
almost invisible coat of alumina formed, which was absolutely 
without harmful effect on the patient. Under the same circam- 
stances a silyer tube would have been blackened and corroded by 
the puralent matter. Aluminium has been used very advan- 
tageously for suture wire, and we can also deduce from this the 
great advantage there would be in making various surgical in~ 
struments of this material, not only from their not being corroded 
but also because of the decrease in weight of the instrument case 
which the physician has to carry, often for long distances. We 
would also notice the comfort to be derived from this large de- 
crease of weight in any sort of surgical appliances, braces, trusses, 
ete., which haye to be worn and carried about continually on the 


he 

‘The cause for the use of aluminium in the great majority of 
cases is its low specific gravity. We can see farther that this 
property will be of the maximum utility where an object is of a 
certain fixed size, which is so in very many cases. For in- 
‘stance, for mountings of opera glasses, marine and field glasses, 
sextants, surveyors’ instruments, portable electric instruments, 
portable astronomical instraments. We have long been familiar 
with the appearance and advantages of the aluminium opera and 
field glasses, but the difficulties met in working the metal and 
more especially the monopoly of their manufacture by a few firms 
have kept the price of these desirable instruments at unreasonable 
Since there are but a few ounces of aluminium in the 
frames of these glasses, there is no reason at all why purchasers 
stiould have to pay double price for aluminium mountings over 
‘those of other metals ; and with the present wide development of 
the employment of aluminium I hope it will not be long before 
some enterprising American firm will make these instruments and 
sell them more nearly at their proper cost. Long before 1860, 
Loisean, of Paris, made for Captain Gordon a beautiful sextant, 
whieh only weighed one-third as much as those ordinarily made 
of brass. For an instrument which one is obliged to hold to the 
‘eye by one hand for several minutes, making observations 
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as a constructive material for bridges, railway cars, steamships, 
wagons, or in any position where its strength is of importance. 
Tt is urged that aluminium is one-third the weight of steel, but it 
is forgotten that it is only one-third as strong; therefore the ten- 
sion member of a bridge, if made of aluminium, would have to 
he of three times the section in order to have the same strength, 
and we would be simply substituting a large rod for a small one 
without any decrease of weight. The added disadvantage would 
then be met of a much larger surface to oppose resistance to the 
wind ; the only advantage we see would be that the aluminium 
bar would not rust. It would be the same in using it for any 
constructive purpose where strain is to be met. Our steel steam- 
ships are made as thin as safety will allow ; to substitute alumin- 
ium therefore would be simply to put a plate three inches thick 
in place of a one inch plate, without any decrease of weight. 

However, for all parts where stress is not considered or where 
lightness and beauty are desired, aluminium may be substituted. 
Tt has been used for the handles and fixed parts of bieyeles and 
tricycles; for similar parts of sulkies for racing; for carriage 
trimmings ; for the metallic parts of travelling bags and trunks. 
Tt has been suggested that many of our heavy keys so burden- 
some to carry in the pocket could be made strongly enough ot 
aluminium. The largest bells in the world are very seldom rung, 
because, being in towers, the motion of such heavy weights 
endangers the safety of the tower; this difficulty would be in 

measure removed if aluminium could be made to answer the 
place of bronze in their composition. 

Dental plates have been cast of aluminium, and, when complete, 
their weight is only a fraction of that of gold plates. But two 
difficulties are met in this application ; aluminium contracts very 
much in solidifying, and it is found almost impossible to cast it 
solidly on to the teeth ; also, pure aluminium is slightly corroded 
hy the acids of the food and the saliva. To overcome these diffi- 
culties, Dr. Carroll (see also p. 407) adds a little copper, which he 
says decreases the contraction so much that the teeth remain solidly 
imbedded in the plate; while the addition of some platinum and 
gold renders it onalterable in the mouth. The aluminium plates 
possess the added advantage that on contact with metallic sub- 
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of another metal already melted, This is the best méthod of 
introducing small percentages of aluminium into other metals, 
unless we may except the adding of a small quantity of a rich 
alloy to pure metal, thus dilating the percentage of aluminium to 
the desired quantity. Most of the alloys thus produced are im- 
proved by careful remelting, the aluminium seeming to become 
more intimately combined. The alloy made in the first operation 
is often not entirely homogeneous, but becomes more uniform, and 
finally perfectly so, by repeated fusions. Very few of the alloys 
will liquate ; in general the alloy acts as a single metal. How- 
ever, in some cases where the alloy is not of a very definite or 
certain composition, a liquation may take place, leaving as a 
residue an alloy with different proportions from the fluid metal 
running off, In the case of volatile metals, they can usually be 
driven out of the aluminium by keeping the alloy melted and 
exposed to a heat sufficient to drive off the volatile metal. 

The useful alloys of aluminium seem to fall naturally into two 
groups: 1. Aluminium containing not over 10 to 15 per cent, of 
other metals, 2. Other metals containing not over 10 to 15 
per cent. of alaminium. In almost every ease, alloys between 
these limits possess no useful properties, and are mere chemical 

. curiosities, 

1. Aluminium is too soft to stand much wear or to keep a high 
polish, and too weak to support much stress, In onler, then, to 
make it harder, stronger and better wearing, and at the same 
time to keop its valuable lightness and beautiful color, it is alloyed 
with a small percentage of some suitable metal. Silver, nickel, 
copper, or tin is frequently used for this purpose, as well as 
some other metals, as will be explained at length in the succeed- 
ing consideration of the alloys. It might here be remarked that 
the color of aluminium is not radically altered except by very 
large proportions of the foreign metal, by reason doubtless of our 
proportions being expressed by weights, while the influence of a 
metal in changing the color of another depends more on its 
volume. For instance, an alloy of 50 per cent. alaminium and 
50 per cent. copper has the color of aluminium, an alloy with 
70 per cent. of copper still has the white color of aluminium, but 
with 85-95 per cent. of copper the alloy is yellow. It has experi- 
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of a small quantity seems t be principally a notable increase in 
strength and a striking change in color of the highly colored 
metals, A very small quantity has little effect in reducing the 

» specific gravity, but as the quantity increases, the effect is what 
we would infer from the previous remarks on specific gravity. 
The reason of this is that the condensation in alloying taking 
place with these alloys isso great that the metal absorbs the alu- 
minium without any noticeable increase of volume, and its specific 
gravity may be even increased slightly at first, This great con- 
densation offers a partial explanation of the strengthening of the 
original metal, since its texture is finer and its hardness increased. 
After a certain small limit in the percentage of aluminium is 
passed, the beneficial effects alluded to are overpowered by the 
influence of crystalline chemical combinations between the alloy- 
ing metals, and the alloy quickly loses strength and malleability. 
With the exception of copper and tin, 5 per cent. of aluminium 
is the limit of the useful alloys at this end of the scale. 

‘The alloys of aluminium with copper and iron have become 
so important that it seems proper to devote separate chapters to 
their consideration, the remainder of this one will therefore treat 
of the alloys with metals other than copper and iron, I wish to 
remark, that as the tertiary alloys cannot be rigorously classified, 
we will have to place them under the alloys of that metal which, 
besides aluminium, seems to be their characteristic ingredient, 
Some of the combinations of aluminium with metalloidal elements, 
which might possibly be looked for in this chapter, are described 
in Chapter V. under the compounds of aluminium. 


ALUMINIUM AND NICKEL. 


Tissier: “An alloy with 50 per cent. of nickel was made by 
melting together the metals in equal proportions under sodium 
ebloride; the heat evolved was sufficient to raise the mass to 
incandeseence. This alloy remains pasty at the temperature of 
melting copper. It is so brittle that it pulverizes under the 
hammer. By melting proper proportions of this alloy with more 
aluminiam, an alloy with 26 per cent. nickel was produced. This 
is less fusible than aluminium, and as brittle as the 50 per cent. 
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alloy. By melting some 25 per cent. nickel alloy with alumin- 
ium, a 5 per cent. nickel alloy was obtained. This is much less 
brittle than the preceding, but is etill very far from being easy to 
work. From the 5 per cent. alloy one with 3 per cent. was made. 
With this amount of nickel the aluminium acquired much hard- 
ness and rigidity, and was easy to work. A curious fact with this 
alloy is that it may be melted on a plate of aluminium, showing 
its fusion point to be less than that of pure aluminium, the reverse 
effect to what iron produces, which if present in the same pro- 
portion would diminish the fusibility of the aluminium. To sum 
up, the action of nickel ov aluminium is much analogous to that 
of iron, for nickel, like iron, produces crystalline alloys with 
aluminium, but if employed with care it gives to it certain desir- 
able qualities such as hardness, elasticity, etc.” 

Michel* melted together aluminium with nickel chloride, and 
obtained an alloy with nearly 25 per cent. of nickel, which was 
tin-white, crystalline, specific gravity 3.65, but too brittle to be of 
any practical use. 


ALUMINIUM-NICKEL-CopPpER ALLOYS. 


The following alloy has a beautiful white color and takes a 
high polish, It resembles some of the finer grades of German 
silver — 


Copper. ee ee es TO part, 
NieKal 2 eh Ae aah aye See a dE 
Aluminum. ee 


A. similar alloy, but somewhat harder, is called Minargent. 
Tt contains 


Copper. sess 100 parte = 56.5 per cent. 
Nickel 6 0. 6 eT 89.5 
Antimony... . ee 
Aluminium.) me 


‘To make this alloy, the directions are first to melt together the 
copper, nickel and antimony, and then granulate the resulting 
alloy in water. The dried granules are mixed with the alumin- 


* Am. der Chem. und Pharm., 115, 102. 
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6)* The two following alloys are prepared in the usual way, 
under a flux consisting of equal parts of potassium and sodium 
chlorides, and are cast mto bars :— 


I It 


Alominiam . —. 15 parte. Nickel . | . 17 parts. 

To . .  . 85 OM Copper... 17 
— Tin... 66 
100“ — 


lwo “ 


To make the bronzes, equal parts of these two alloys are melted 
with copper, the more of the alloys used the harder and better the 
bronze. The best mixture is of 


Copper... ee ew ew BA parte 
Alloy Tide nS Se wets Rea) a0 cu Mae ae OB 
HoT eh 8 Ge th tks tae 

100“ 


The copper is first melted, then the alloys put in together and 
stirred well. As iron is harmful to this bronze, the stirrer must 
be of wood or clay. This alloy is suitable for art castings, kitchen 
utensils, etc., or anywhere where durability, hardness, malleability, 
polish and very slight oxidizability are required. A cheaper and 
more common alloy may be made of 


Copper. ee ee ee ee OT parts 
AMOR os ke ok ER oe ly om Je, Gaia 
OMT Sr WEY ea Tee The GR. Dr. oe gay og By SE 


These two bronzes would contain centesimally 


Rich alloy, Poorer alloy. 
Copper . . . . . . . » 85,36 94.58 
Tin . . . . . . . . 12.08 6.70 
Nickel. . . . . . . » 1.36 3.85 
Aluminium . . . . . . » 120 0.60 


c)t The following alloy is said to withstand oxidation well, 
to have great tenacity, durability, capability to bear vibrations, 
and to take a high polish. A preliminary alloy is made of 


* German Patent, 28117. 
+ Bnglish Patent, 8320, June 23, 1886. 
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Which would give in per cents.— 





oF IL 
Copper . 1 we B.8E 59.97 
Nickel . 2. 1 ws (0.98 39.98 
Aluminium . . . . + 018 0.05 
100.00 100.00 





The first of these alloys is the one to which the name “ Lechesne” 
appears to be given. In a description of the manufacture of this 
alloy a French magazine states that the nickel is first put into a 
crucible and melted, the copper stirred in gradually, then the 
heat raised and the aluminium added. The alloy is heated almost 
to boiling and cast very hot. It is claimed that this alloy is 
equal to the finest German silver, being very malleable, homo- 
geneous, strong and ductile, and stands hammering, chasing, 
punching, etc., perfectly. j 

The proportion of aluminium in these bronzes last described . 
is so small that it appears probable that its chief function must 
be as a deoxidizing (perhaps also desiliconizing) agent, since a 
very small amount of oxygen dissolved in the bath would quickly 
combine with all the aluminium added. In any event, very little 
can be left over, apparently too little to be able to account for all 
the improvement made in the alloy. 

Cowles Bros. have manufactured some of these bronzes, and 
have appropriated the name “Aluminium Silver” to the alloy 
made by adding aluminium to German silver, or to their alloy of 
aluminium, nickel, and copper called “Hercules Metal.” Two 
of their alloys were made of— 


L 0 
5 percent. aluminium bronze. 6 0-0-1 2 
Nike Ga cas ae oe ae 8 1 

containing respectively — 
1 M. 


Copper... ee 8187 63.33 
Nickel . . . . . - 66.67 33.33, 
Aluninium . . . 167 3.33 


These alloys, on being tested, gave tensile strengths of 79,163 
and 118,000 Ibs. per square inch respectively, the first showing 
33 per cent. elongation. They claim that an alloy of the propor- 
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poses, especially in instruments of a portable character; it would, 
hesides, be somewhat cheaper than pure aluminium. 

At the other end of the scale we have alloys containing only a 
few per cent. of aluminium. Aluminium gives to tin greater 
hardness and tenacity, if it is not present in too large an amount. 
‘The alloy with 3 per cent. of aluminium is harder than tin and 
less acted on by acids; 5 per cent, of aluminium gives a much 
stronger and more elastic metal. The alloy with 7 per cent. of 
aluminium is especially recommended as being easy to work, 
being malleable at a red heat, and capable of a good polish, but 
possessing the drawback that it cannot be melted without a part 
of the tin separating from the aluminium. Tissier Bros, state 
that tin will not combine with more than 7 per cent. of alumin- 
jum; for they state that the alloy with 10 per cent, is not homo- 
geneous, and on cooling in a mould arranges itself in two layers, 
an upper brittle one, a little more fusible than aluminium, and a 
Jower one containing nearly all the tin, but rendered harder and 
less fusible than pure tin by a small quantity of aluminium. T 
have not been ableto notice this liquation, Mr. Joseph Richards 
prepared an alloy with 10 per cent. of aluminium, which was 
whiter and much stronger than tin, and kept its color perfectly 
in the air, It had a specific gravity of 6.45 (calculated value 
6.28) and melted only imperfectly at 2 temperature slightly above 
that of tin. Tt was quite malleable, but became hard by rolling. 
On heating a piece of this, in the form of sheet, at a gradually 
increasing temperature, small globules sprouted out in all direc- 
tions, but they were identical in composition with the bulk of the 
alloy, so that no separation had taken place, The surface of the 
sheet appeared harder than the interior, and did not melt so easily, 
but this property seemed to result from other causes than difference 
in composition. After standing several months, a peculiar internal 
change took place in this metal by which it lost all its malleability, 
and became as rotten as baked clay, and annealing could not re- 
store its 5 

The alloy with 19 per cent. of aluminium is said to be mallea- 
ble and workable at a red heat, though not so much so as the 7 per 
cont. alloy. The alloys with over 30 per cent. of aluminium are 
described as silver-white, porous and brittle. 


a 
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Gopper’sr sds iw le Sy ole oe 136 parts. 
Zine Sey Gy oot “ 
Alominiom . . . . . . ny 1-3 “ 


which he stated were of great arta toughness and durability. 

This alloy differs from the aluminium brasses now made, only in 

containing about half as much again of zinc. The next year, M. 

G. Farmer, of Salem, Mass., patented* an alloy containing— 
Copper... «se e+ 65-80 parte. 
White metals 6 we ees BO 
Alominium . . . . » . O8-10 “ 

Cowles Bros. report the fullowing series of tests made, in 1886, 
at their works in Lockport, their alloys all being made by adding 


zinc to aluminium bronze :— 


Composition. 
» Tensile strength per Elongation, 

Alominiam. Copper. Zine. aq. inch (castings). per cent. 
5.8 67.4 26.8 95,712 1.0 
3.3 63.3 33.3 85,867 1.6 
3.0 67.0 30.0 67,341 12.5 
1.5 T15 21.0 32,356 41.7 
15 71.0 27.5 41,952 27.0 
1.25 70.0 28.0 35,059 25.0 
2.5 70.0 27.5 40,982 28.0 
1.0 57.0 42.0 68,218 2.0 
1.15 55.8 43.0 69,520 4.0 


When it is remembered that ordinary brass rarely has a tensile 
strength of over 30,000 lbs., with an elongation of about 10 per 
cent., the benefit of the aluminium can be easily realized. Gov- 
ernment tests of this company’s brasses, to determine their suit- 
ability for steamship propellers, were made on the alloy composed 
of 1 part 10 per cent. bronze, 1 part copper and 1 part zinc, 
containing therefore— 


Aluminium 2. . ees 8,8 percent. 
Copper... 1 ee ee OBB 
Zine . . . . » B32 


The test pieces were 22 jiaias long, 1} inches diameter, and 
10 inches between elongation marks. The results showed a ten- 
sile strength of 70,000 to 82,500 lbs., elastic limit 55,000 to 


* U.S. Patent, 44086, Aug. 1864. 
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ing out the aluminium completely. Caustic potash acts similarly, 
i aluminate. 


. Baille and Féry determined also that if antimony amalgam is 
mixed with aluminium amalgam, small crystals of antimony form 
immediately on the surface ; later, the aluminium oxidizes and a 
bath of mercury remains, free from both metals. Lead amalgam 
produces a similar effect, except that some lead remains with the 
mercury. It is interesting to note that this is quite similar to the 
action of lead on a molten alloy of aluminium and tin, the alu- 
minium being driven out of combination. 
*Kranehkoll states that if aluminium and iron together are 
connected with the negative pole of a battery, and dipped into 
covered with acidulated water, an amalgam of both iron 
and aluminium is obtained, which oxidizes more slowly in the air 
than aluminium amalgam, 


Axuistum axp Leap, 


Deville remarked that these two metals had so little tendency 
to combine that there may be recovered intact at the bottom of 
an ingot of aluminium any small pieces of lead which may acci- 
dentally have dropped into the metal. Later, however, Deville 
remarked that M. Peligot was able to cupel buttons of impure 
aluminium with lead, thereby purifying the metal, and thought 
that an alloy may exist in certain proportions at the temperature 
necessary for cupellation. It is well known that if aluminium 
and lead are melted down together and cooled they separate, the 
aluminium chilling first and floating on the fluid lead. Mierzin- 
ski remarks that this property would render it possible to use 
eluminiom for de-silverizing bullion, if its price allowed. 

I do not think that the separation is quite as absolute as is in- 
digated above. On melting the two metals together, they sepa- 
rated, with a sharp line of demarkation, so that there appeared 
to be no combination ; but the lead was hardly as bloc as at first, 
and contained about per cent. of aluminium, while the alumin- 


* Journal de Physique, ifi. 139, 
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tion of silicon and aluminium in which the two bodies may be 
united in almost any proportions. Gilass, clay, and the earth of 
crucibles act i in this way. However, aluminium may be melted 

in glassware or earthen crucibles without the least contamination 
of the metal if there is no contact between the metal and the 
material ; the aluminium will not wet the crucible if put into it 
alone, But the moment that any flux whatever facilitates im- 
mediate contact (even sodium chloride does this), the reaction be- 
gins to take place, and the metal obtained is always more or less 
siliccous, It is for this reason that I have prescribed in melting 
aluminium not to add any kind of flux, even when the flux 
would not be attacked by the metal. Among the fusible materials 
which facilitate the melting of aluminium, it is necessary to re- 
mark of the fluorides that they attack the siliceous materials of 
the crucible, dissolving them with great energy, and then the 
siliceous materials thus brought into solution are decomposed by 
the aluminiam with quite remarkable facility, Aluminium 
charged with silicon presents quite different qualities according to 
the proportion of the alloy, When the aluminium is in large ex- 
cess, there is obtained what I have called the ‘cast’ state of alu- 
minium, by means of which I discovered crystallized silicon in 
1854. This ‘cast’ aluminium, gray and brittle, contains accord- 
ing to my analysis, 10.3 per cent. of silicon and traces of iron, 
When siliceous aluminium is attacked by hydrochloric acid, the 
hydrogen which it disengages has an infected odor, which I 
formerly attributed to the presence of a hydrocarbon, but which 
we now know is due to hydrogen silicide, SiH‘, thanks to the ex- 
periments of MM. Wohler and Buff. It is by the production of 
this gas that may be explained the iron smell which is given out 
by aluminiom more or less contaminated with silicon, But alu- 
minium may absorb much larger proportions of silicon, for, on 
treating fluo-silicate of potash with aluminium, M, Wahler ob- 
tained a material still metallic containing about 70 per cent. of 
silicon, sometimes occurring as easily separable erystals. Since I 
had the occasion in a work which I published on silicon to ex- 
amine a large number of these combinations, I found that they 
were much more alterable than pure aluminium or silicon, with- 
out doubt hecanse of the affinity which exists between silica and 
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ALUMINIUM AND TITANIUM. 


Wohler* obtained an alloy by melting together— 


Titanicoxide =... we. Q part, 
Cryolite =. . . 1 ee we 
Potassium and sodium chlorides. 2. 2. w 6 
Alominiom . eee Oa 


The excess of aluminium being dissolved out of the mass by 
caustic soda, bright, steel-colored crystals remained, containing 
aluminium,. manganese, and a little iron and silicon from the 
aluminium used, The specific gravity was 3.3; the alloy was 
infusible before the blowpipe, but on ignition in chlorine gas 
burnt, forming chlorides of all the metals present. Its composi- 
tion seemed to vary, for another experiment at a lower tempera- 
ture gave an alloy richer in silicon, with a specific gravity of 2.7. 
On heating these alloys in the air they first become yellow, then 
steel-blue, and after that oxidize no further. 

Michel, proceeding in a similar way, obtained an alloy whose 
analysis denoted the formula Al*Ti, containing about 62 per cent. 
of aluminium. 

L. Levyt describes an alloy which he obtained by similar pro- 
cesses, as being in crystalline plates, insoluble in water, alcohol, or 
ether, steel-gray in color, brittle, and conducting heat and elec- 
tricity. Specific gravity 3.11; composition on analysis— 





Aluminium . + . . . . . « 70.92 
Titanium. . * . . . . « 26.80 
Silicon . . . . . . . . - 217 


ALUMINIUM AND TUNGSTEN. 


Michel fused together— 


Tungsticacid =. 5 we. S party 
Cryolite ae ae eee ane a 
Potassium and sodium chlorides... 8 
Aluminium 2. Ce 


at a strong red heat. The fusion was afterwards treated with 
hydrochloric acid, leaving an iron-gray, crystalline, brittle pow- 


* Ann, der Chem. und Pharm., 113, 248. 
t Comptes Rendue, 106, ¢« (1888). 





404 ALUMINIUM. 


Aluminium... +). 88,0 per cent. 
Calta Se OE dr eel BE 
Irn st ‘ ere ee 


Prof. Mabery describes a peculiar product formed in the electric 
furnace, consisting principally of aluminium, copper, and up to 
3 per cent. of calcium (p. 306). 


ALUMINIUM AND SopIuM. 


Deville states that aluminium unites easily with small propor- 
tions of sodium ; with 1 to 2 per cent. it decomposes water in the 
cold. It follows from this that the properties of the metal made 
carelessly by using sodium are completely altered. The last traces 
of sodium can be removed only with great trouble, especially 
when the aluminium has been produced in presence of fluoride, 
because of the marked affinity of aluminium for fluorine at the 
temperature at which aluminium fluoride, Al?F*, commences to 
volatilize. 


ALUMINIUM AND Boron. 


Deville obtained an alloy rich in boron by melting aluminium 
with borax, boracic acid or fluo-borate of potassium. The alloy 
is very white, only able to bear slight bending and splits in the 
rolls, It exhales a strong odor of hydrogen silicide, due to its 
having absorbed silicon from the vessel in which it was prepared. 
Metallic boron may be easily extracted from the alloy as both 
graphitic and diamantine boron. (See also Chapter V.) 


ALUMINIUM AND ARSENIC. 


Wohler* stated that when these two metals were mixed inti- 
mately and heated together they combine with a flame, forming a 
dark-gray metallic powder which smells a little of arsenuretted 
hydrogen. It slowly evolves that gas in cold water, rapidly 
in hot. 


* Pogg. Ann. 1827, if. 160. 
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several other metals which improve the qualities of aluminium 
much more than copper does. I find no reference to any sup- 
posed combination in atomic proportions, except the suggestion of 
Debray’s in connection with the change of color. 


ALLOYs OF THE SECOND C1ass. 


Aluminium is more efficient than any other metal in improving 
the qualities of copper. Under this second head we will con- 
sider these alloys made by adding to copper any quantity of 
aluminium up to the limit within which the alloys are of prac- 
tical value. This limit has been definitely established at about 
11 per cent.; and the alloys here included are generally known 
as “the aluminium bronzes,” being particularized as 1 per cent. 
bronze, 5 per cent. bronze, etc., but on account of its general 
superiority over all the rest, the alloy with about 10 per cent. of 
aluminium has received the title of “aluminium bronze”—with- 
out any qualifications. This distinction has come into general 
use, and it will be well to keep it in mind in going over the suc- 
ceeding pages, for, whenever the expression “the aluminium 
bronze” or “aluminium-bronze” occurs without the percentage of 
aluminium being specified, the 10 per cent. alloy is signified. 

The late Dr. Perey seems to have been the first to call atten- 
tion to these beautiful alloys, but I am unable to find any account 
given by him beyond the statement that “a small proportion of 
aluminium inercases the hardness of copper, does not injure its 
malleability, makes it susceptible of a beautiful polish, and varies 
its color from red-gold to pale-yellow.” This statement must 
have been made prior to 1856. In that year, Tissier Bros. 
brought aluminium bronze to the notice of the French Academy,* 
and a weck later a paper by Debray,t hurriedly put together, 
made known the results obtained up to that time by Messrs, Rous- 
seau, Morin and himself at La Glaciére. 

Aluminium bronze went through the same experience that 
aluminium itself and all its other alloys underwent during the 


* Comptes Rendues, 43, 183 (Nov. 3, 1856). 
+ Comptes Rendues, 43, 925 (Nov. 10, 1856). 
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cannot be detected by the eye, but will be made known only when 

pressure is put upon the casting, ‘To overcome this evil and to 
make allowances for sufficient freedom in contraction much judg- 
ment will often be required, and different modes must be adopted 
to suit varying conditions, One factor often met with is that of 
the incompressibility of cores or parts forming the interior portion 
of castings, while another is the resistance whieh flanges, ete,, npon 
an exterior surface oppose to freedom of contraction of the mass, 
The core must generally be ‘ rotten’ and of a yielding character, 
This is obtained by using rosin in coarse sand and filling the core 
as full of cinders and large vent-holes as possible, and by not using 
any core rods of iron, The rosin would cause the core when 
heated to become soft, and would make it very nearly as com- 
pressible as a ‘green-sand’ core when the pressure of the contrac~ 
tion of the metal would come upon it. 

“ By means of dried rosin or green-sand cores we were able to 
meet almost any difficulties which might arise in ordinary work 
from the evils of contraction, so far as cores were concerned. For 
Tange cylinders or castings which might require lange round cores, 
which coull be ‘swept,’ a hay rope wound around a core barrel 
would often prove an excellent yielding backing, and allow free- 
dom for contraction sufficient to insure no rents or invisible strain 
in the body of the casting. To provide means for freedom in the 
contraction of exterior portions of castings, which may be sup- 
posed to offer resistance sufficient to cause an injury, different 
‘methods will have to be employed in almost every new form of 
mich patterns. It may be that conditions will permit the mould 
to be of a sufficiently yielding character, and again it may be ne- 
ceseary to dig away portions of the mould or loosen bolts, ete., a8 
soon as the liquid metal is thought to have solidified. In any 
metal there may be invisible rents or strains left in a casting 
through tension when cooling sufficient to make it fragile or crack 
of its own accord, and it is an element which from its very de- 
ceptive nature should command the closest attention of all inter- 
ested in the manufacture of castings. 

“Like contraction, the clement of shrinkage is often found 
seriously to impede the attaining of perfect castings from strong 
metals, In steel castings much labor has to be expended in pro- 
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thickness can be well made in green-sand by coating the surface 
of the moulds and gates with silver lead or plumbago. 

“ From ‘ blow-holes,’ which are another characteristic element 
likely to exist in strong metals, it can be said that aluminium 
bronze is free, Should any exist if is the fault of the moulder or 
his mould, as the metal itself runs in iron moulds as sound and close 
as gold. Sand moulds to procure good work must be well vented, 
and, if of ‘dry-sand,’ thoronghly open sand mixture should be 
used and well dried. The sand for ‘green-sand’ work is best 
fine, similar to what will work well for brass castings. For 
*dry-sand? work the mixture should be as open in nature as pos~ 
sible, and, for blacking the mould, use the same mixtures as are 
found to work well with cast-iron.” 

In view of the above-recommended precautions, the reader 
recognizes at once the falsity of the statement in the pamphlet of 
a German manufacturer that “aluminium bronze shrinks almost 
none at all” T have, in fact, measured the contraction of a 5 per 
cent. bronze as inch to the foot, just twice that of cast-iron, 
Such wild statements, at a time when aluminium bronze is coming 
into stich extended use, can only bring discredit on the firm mak- 
ing them, 

Color.—One per cent. of aluminium changes the color of cop- 
per considerably, making it like red brass, The influence of the 
aluminium is properly seen when two ingots, one of pure copper 
and the other of the bronze, are chilled from a high temperature, 
in which case the yellower color of the latter is plainly perceptible. 
Tf, however, the two ingots are let cool slowly in the air, the 
effect of the aluminium is more striking, since the copper oxidizes 
#0 as to turn quite black while the bronze keeps as untarnished 
as if it had been chilled in water, Two and one-half per cent, of 
aluminium makes a bronze resembling in color gold of low carat 
alloyed with copper. he five per cent. bronze is pure yellow 
and the nearest approach to the color of pure gold of any known 
metal or alloy. The seven and one-half per cent. bronze has the 
color of the jeweller’s green gold, The ten per cent. bronze, or 
Aluminium bronze proper, is a bright light-yellow, similar to the 
jeweller’s pale gold. The eleven per cent. bronze is still paler. 
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Working.—Despite the assertions that aluminium bronze can 
be heated to bright redness and then hammered ont until quite 
cold, yet it is not so easily worked. Persons who have had a 
large experience with the alloy say that it possesses peculiarities 
in working which must be learned and strictly attended to, As 
with many other alloys, there is a certain temperature at which it 
works perfectly, but this is contained within narrow limits, This 
heat is rather indefinitely stated as full-redness. Ata little above 
this heat (bright-red) or at a little below (low-red) it works with 
much less case. If it is rolled at this temperature, it does not 
become brittle by working. When the bronzes are worked cold 
they will quickly stiffen up, and will crush or split unless an- 
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steel and yet as easy to work as brass become apparent. 
Simms states that aluminium bronze can be easily engraved, 
hau peliapraac tae atta are 
cast metal, Since it can be soldered, it forms a very suitable 
material for drawing into tubes. It is stated that it can even be 
hammered out into leaf, but this statement needs further proof. 
qualities — Along with the great toughness and 


known. Morin held that to bring out the metal’s best qualities it 
should not be used in castings but as forged or rolled forms, He 
cites an instance where it was applied to the bearings of a large 
Jathe, the axle having a diameter of 60 millimetres and making 
up to 1800 revolutions per minute. A plate of aluminium bronze 
was soldered in place on a common bearing metal buck and then 
carefully bored true: This bearing had been in use four years at 
the time of Morin’s statement, and after 24 years’ working the 
wear was only 0.4 millimetre. Cowles Bros. recommend using 
the higher grades for bearings working under very heavy pressures, 
as their great strength prevents crushing, while the lower grades 
are more suitable for high speeds and low pressures, They re~ 
commend casting the bearings, bringing the working surface up 
to « high polish and using them only under steel axles, 

An incident occurring under the author's immediate notice may 
be more to the point than quotations from other sources. A 
smooth metallic ball was required for a rotary steam engine, to 
work between steel guides in such a position that almost all the 
work of the engine passed through it. Steel balls were imprac- 
ticable because they cut the guides. All sorts of bronzes and 
anti-friction metals were tried, but a few hours’ work would. cut 
them out of shape. Mr. Joseph Richards suggested to the maker 
that an aluminium bronze ball be tried. A ball was cast of ten 
per cent. bronze, but the casting not being solid it was warmed up 
and hammered until all the holes were closed. The ball was 
then turned smooth and polished, On putting into place it was 
worked several days at high speed without giving way, and on 

taking it out for examination the only sign of wear was that the 
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be observed, while the bronze is free from this defect. In several 
eases the bronze seemed to be more quickly covered with a slight 
tarnish which did not increase perceptibly, probably the tarnish S| 
acting asa protection to the metal; but the brass, though leas 
rapidly discolored, continued to be corroded and apparently with 
increased speed as the action was continued. The bronze is more 
easily cleaned, For culinary vessels its superiority to metals 
now in use appears questionable.” The author states that he 
wrote the article with a home-made pen of aluminium bronze, 
and suggests that it is well worthy of the attention of pen-makers, 
The Cowles Co. state in « pamphlet that salt-water, soap- 
water and arine have no effect on alaminium bronze, which would 
make it a very valuable metal for ship builders and sanitary 
engineers. It is well known that the fatty acids, as in tallow, 
corrode brass and bronze, as is seen in old-fashioned brass candle- 
sticks, but aluminium bronze is said to be untouched by these 
agents. It is said that for preserving pans, in whieh fruit juices 
are boiled, alaminium bronze is superior in resisting power to 
the coppers now used. Sulphuretted hydrogen and coal-gas have 
hardly any effect on it. Hydrochloric acid dissolves out the alu- 
minium, nitric acid dissolves out the copper. Tissier Bros. re- 
marked that the color of the bronzes containing from 5 to 10 per 
cent, of aluminium could thus be altered at will by leaving in 
dilute nitric or hydrochloric acid, Concentrated sulphuric acid 
attacks it at first, but a coating is speedily formed which seems to 
protect the metal against further injury; dilute sulphuric acid at~ 
tacks the alloy more deeply. Hot soda solution slowly removes 
the aluminiom near the surfice, leaving a velvety coating of cop- 
per oxide. The acid of perspiration is quite active in attacking 
aluminium bronze superficially, as any one can test by noticing 
how quickly a polished surface is tarnished. I do not think, 
however, that the corrosion is any more marked than other bronzes 
would show, and the tarnish is very easily removed and the pol- 
ish restored by a little rubbing with a dry woolen cloth. 
When heated in the air, alaminium bronze remains unoxidized 
even if kept at a red heat for a long time. This is a remarkable 
| property when contrasted with the behavior of brass wire, which 
| would quickly turn to oxide. It is stated that it has been kept 
238 
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for mining and ore working machinery. Being stronger and as 
hard as the mild steel and iron now used for perforated plates 
and mesh, and many times more durable than brass, with no ten- 
dency to rast or corrode and wonderful capacity for wear, it would 
appear to be particularly desirable for these purposes. 

~ The considerable resistance of aluminium bronze to chemical 
agents has suggested its use as a material for-pumps and machinery 
subjected to: the action of acid mine-water. It is said that 
Worthington & Company have used it in their high pressure 
mine pumps. 

Mr. San English engineer, made a thorough discussion 
of the suitability of aluminium bronze for the construction of 
astronomical and philosophical instraments, and concluded that 
it was superior not only in some, but in every respect to any metal 
hitherto used for that purpose. 

Mr. A. H. Cowles read a paper before the U.S. Naval Institute, 
October 27, 1887, urging the merits of aluminium bronze as a 
metal for casting heavy guns. Reference was made to the casting 
of a mountain howitzer of this bronze in 1860, which stood every 
test pat on it by the French artillery officers, and which would have 
caused a revolution in cannon material but for the fact that its 
cost was prohibitory. The principal points made by Mr. Cowles 
are—l, The great strength and high elastic limit of aluminium 
bronze. 2. Its ductility. 3. The sound castings it produces. 
4. The fact that no liquation takes place during cooling, as in 
ordinary gun-bronze. 4. No tendency to crystallization, as is 
the case with steel. 5. No rusting or corrosion. 6, Seventy per 
vent. of the cost of the gun is represented by the metal, which 
may be melted over when the gun is worn out. 7. Even with 
this high cost of metal, the total cost of the gun would be only 
four-fifths that of a built-up steel gun. While the discussion 
following the reading of this paper was not altogether in favor of 
the solid gun versus the built-up gun, yet no doubt was expressed 
that for casting solid guns, alaminium bronze was undoubtedly the 
best metal that could be used, and as regurds its comparison with 
built-up steel guns, the sum total of the discussion seemed to 


* Chowiteat News, vil. p. 290, 
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Jinon is to. keep the materials from which it is made serupulously 
free from that metal, since if it once gets into the aluminium, it 
is almost impossible to remove it. As to its exact influence on 
the properties of aluminium, when in small quantities, we may 
say that it renders the color more of a gray, the aluminium 
becomes harder, less malleable, and appears to crystallize more 
readily. The most noticeable effect, however, is on the fusibility, 
‘Tissier Bros. observed, somewhere about 1857, that aluminium 
free from iron could be melted on a plate of aluminium contain- 
ing 4 to 5 per cent. of that metal. Deville also observed that if 
# large amount of iron was present (10 per cent.), the aluminium 
conld be liquated by careful heating, a ferruginous skeleton re- 
maining, while aluminium containing less iron flowed away. 
This process, however, could not be used for the ultimate purifica- 
tion of commercial aluminium, since when the percentage of iron 
is low no liquation takes place. The exact rise in the melting 
point due to the presence of iron has been recently determined by 
Prof. Carnelly. He found that a specimen of aluminium con- 
taining 0.5 per cent. of iron melted very close to 700°, whereas 
a specimen containing 5 per cent. of iron did not even soften at 
that temperatare, but commenced to fuse at about 730°. The 
effect of the iron is particularly seen in rendering the fusion 
pasty. Since silicon acts in an almost similar manner, it is im- 
portant to observe that commercial aluminium can contain a cer- 
tain small quantity of iron with very little detriment only on 
condition that the amount of silicon present is small, 

Tissier Bros. took pure aluminium in small pieces, mixed it 
with bits of pure iron wire, and melted in a crucible under com- 
mon salt, The alloy with 5 per cent. of iron thus made was 
hander, more brittle, and less fusible than pure aluminium. The 
alloy with 7 per cent. of iron differed from the preceding, prin~ 
cipally in showing a stronger tendency to crystallize. With 8 
per cent, of iron the alloy crystallized in long needles, Deville 
‘states that the alloy containing 10 per cent. of iron has the color 
and brittleness of native antimony sulphide (stibnite). 

By melting together 10 parts of aluminium, 5 parts of ferric 
chloride, and 10 parts cach of potassium and sodium chlorides, 
Michel obtained a crystalline mass, which by careful treatment 
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silicon present. The chemical reactions of the aluminium in the 
crucible may be various, but the prevention of blow-holes and 
increased fluidity are the chief advantages.” 

Tn order to avoid introducing impurities into steel by using 
ferro-alumininm made from ordinary pig-iron, a German firm 
has recently put on the market a steel aluminium “ containing 10 
per cent. of aluminium and 90 per cent. of pure cast-steel.” ‘This 
can of course be used instead of ferro-aluminium for any purpose, 
bat is particularly preferable in treating steel, which is so ex- 
tremely sensitive to minute quantities of certain impurities—sul~ 
phur, phosphorus, ete, 

The rationale of the action of aluminium in preventing blow- 
holes and increasing the fluidity of the metal will be discussed 
more at length in considering the action of aluminium in the 
mitis process, a little further on, It has been found that the best 
time to add the aluminium is just before pouring. In large mills, 
the ferro-aluminium is heated red hot and shovelled into the 
easting ladle as the liquid steel runs into it from the converter or 
open-hearth furnace. The force of the molten stream of steel 
carries the pieces almost down to the botton of the ladle, thus 
diffusing it uniformly through the bath. Stirring with an iron 
rod conted with clay helps the mixture. When the steel thus 
treated is cast into ingots it lies still in the mould and makes 
eastings as free from blow-holes as ordinary cast-iron castings, 





Errecr or Avuwintem on Wrovent-Trox. 


When wrought-iron is heated to a high temperature, it docs not 
pass quickly into the fluid state, but fora large increase of tempera~ 
ture above the point at which it first softens it will remain thick 
or mushy. Ata very high temperature it can be made sufficiently 
fluid to pour into moulds, but the castings thus made are notably 
nnsound and weak. It was discovered by Mr. Wittenstroem, 
of Stockholm, working with the co-operation of Mr. L. Nobel, 
of St. Petersburg, that if a small amount of aluminium is added 
to a charge of wrought-iron which has been heated until pasty, 
the iron immediately liquefies and can be poured into castings 
having all the properties of wrought-iron except fibre, and as 
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accompanying deterioration of the iron is rendered unnecessary. 

This is possible for the reason that on adding ferro-aluminium 
sufficient to introduce 0.05 to 0.1 per cent. of aluminium the 
charge immediately liquefies, and is so far from its setting point 
that it can be removed from the furnace and poured into numer- 
ous moulds, retaining all the time its exceptional fluidity, The 
metal acts just as if it had been superheated several hundred 
degrees, but this has heen accomplished without leaving it in the 
furnace for half an hour or 30, thus attaining an economy in fuel 
which is not to be ignored, When the crucible is taken from the 
furnace the charge is perfectly decd melted, lies quiet in the eruci- 
ble, evolves no gas and teems like molten silver. It is cast in 
either sand or iron moulds, and on account of its fluidity does not 
require large heads to bring the castings up sharp and show the 
finest impressions of the mould. 

Several devices are used in connection with this process which 
it may be interesting to note. The furnace used is one designed 
and patented by Mr. Noble, and burns naptha or crade petroleum 
or petroleum residues. A full description with drawings may be 
seen in Engineering and Mining Journal, May 8, 1886. With this 
furnace are melted on an average 8 heats in 10 hours. Starting cold, 
the first charges are melted in 1} hours, when the furnace is fully 
up to heat only } hour is necessary, so that the furnace is equal to 
24 heats in 24 hours, Any one familiar with steel melting will 
recognize this as a great improvement in melting furnaces, The 
difficulty met with in this country has been to get oil of uniform 
quality. At the Chester Steel Casting Works they state that 
with one car of oil the furnace works splendidly, but with the 
next they may have difficulty in keeping up the heat. A supply 
of oil of uniformly good quality is necessary for the successful 
working of this furnace. A patent pouring ladle is also used in 
which the metal is kept up to its original heat as long as is needed 
in order that a number of castings can be all poured at the same 
temperature. The moulding material used is pure fire-clay, hard 
burnt, finely ground and mixed with sugar or molasses as a bind- 
ing material, This is perfectly fire-proof at the temperature of 
the molten wrought-iron, and is said to answer well. 
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failed to find any aluminiom in the castings, Mr. R. W. Daven- 
port, a trustworthy analyst, could find it in no instance, Mr. A. 
A. Blair, of Philadelphia, one of the greatest authorities on the 
analysis of iron and stecl, has been unable to find any, and con- 
siders it very improbable that 0.03 per cent. could escape detec- 
tion. Mr, Ostberg also admits that it has never been detected, 
and virtually abandons his explanation by saying, in a letter to 
Mr. Howe, “ An iron may contain 1 or 2 per cent, of aluminiam 
without any noticeable effect in the making of castings; it is not 
the presence of the aluminium but the act of adding it at a cer- 
tain moment that produces the effect.” 

Mr. R. W. Davenport offers the following explanation: A 
rise of the temperature of the metal would explain the phenomena 
as satisfactorily as a fall in the melting point. Since the alu- 
minium oxidizes and passes into the slag, probably according to 
the reaction, 

2Al + 6FeO = 3FcO. APO? + 3Fe, 

the high calorific power of the aluminium would supply a con- 
siderable quantity of heat, in spite of its small amount. Mr. 
Davenport then assumes the calorific power of aluminium as 
10,000, leaves out of consideration the heat absorbed by the reduc 
tion of FeO to Fe and the union of FeO with APO® to form the 
aluminate, and from this calculates that the oxidation of 0.06 per 
cent. of aluminium would produce 640 calories of heat and raise 
the temperature of the bath about 40°. THe further implies that 
a rise of 120° would thus call for the oxidation of only 0.18 per 
cent. of aluminium, which might easily have been added to Mr, 
Ostherg’s castings. 

‘This explanation is as untenable as Mr. Ostberg’s, for the fol- 
lowing reasons: 1. The calorific power of aluminium burning 
to alumina is very nearly 7500*; when producing hydrated alu- 
mina (the datum usually given in the tables) it is only 100 
higher. 2, The heat required to reduce ferrous oxide is pretty 
acourately known, and there is no reason why this should not be 
taken into account. 3, The heat of’ combination of ferrous oxide 
and alumina is certainly not known, though probably quite small ; 
but on inspecting slag from mitis metal, white patches or flakes 


* Ann, dy Chim. et de Phys. Juno, 1889, p. 280, 
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__ time through perfectly fluid zinc, and in an incredibly short space 
the metal will thicken up, and an amount of mush out of all 
proportion to the amount of oxide which could have been formed, 
__ will float on the surface. It can also be noticed that on heating 
up this mushy metal again it passes out of the solid state at 
nearly the same temperature as pure zinc; but instead of becom- 
ing fluid it remains pasty for many degrees’ rise of temperature 
above that point. The case of wrought-iron appears to me to be 
similar to those just noted. When wrought-iron scrap is heated 
it becomes soft at a moderately high temperature, but on heating 
it further to get it to form a homogeneous bath the hard, wrought 
surface is a great hindrance to its running together; a very high 
temperature causes the separate pieces to unite imperfectly into 
one body, but beeause of the seale and oxide present from the 
first, together with that formed during heating, the fusion is thick 
and viscid, Here the second phenomenon pointed out above can 

be noticed. This metal, because of the oxide in it, requires a 

higher temperature to make it fluid than if the oxide were not 

there. What follows then? Remove the oxide by some means, 

and the bath becomes perfectly fluid, and is superheated with 

respect to its proper melting point, i,¢., the melting point of the 

metal uncontaminated with oxide. The aluminium added does 

this work, reduces the oxide to metallic iron, the infusible and 

unalterable alumina produced rises to the surface, and the bath 
| attains its extraordinary fluidity for the reason just given. 

With regard to the lessening of blow-holes, we will first note 
their cause, First, they are not shrinkage cavities, which are 
caused by the metal chilling too quickly after pouring in the 
mould, and the sink-head not remaining fluid long enough to feed 
the cavities made in the body of the casting as it cools, The 
metal which is most liquid and least likely to chill quickly will 
produce the least number of unfilled shrinkage cavities, and these 
advantages are possessed by the wrought-iron when converted 
into mitis metal. But, in considering blow-holes proper, we note 
three distinct causes for them in wrought-iron castings, 

1. When molten metal is poured intoa mould prepared with 
the greatest care there is always some ebullition cansed by the 
‘ of moisture from the mould or moulding material. 
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of blow-holes. The superiority of aluminium treated metal in _ 
these requirements gives it great advantages over these causes of 
blow-holes. For the same reason, when the third cause is con- 
sidered, the fluidity of mitis metal down almost to its melting 
point, with a small range during which it is pasty, allows more 
of the dissolved gas to escape when,once set at liberty, In the 
author’s opinion, the increased fluidity of mitis metal and the 
closer definition of its melting point, are the chief causes of the 
comparative freedom of the castings from blow-holes, However, 
the point has been raised by Mr. Howe, that perhaps the alumin~ 
jum imparts to the iron greater power of holding gases in solution, 
not directly by alloying with it, since none remains in the iron, 
but indirectly by removing the oxygen, In one of Mr. Davenport’s 
experiments, wrought-iron was melted alone in a crucible, and 
while oxygenated and boiling gently, 1 per cent. of ferro-alumin- 
ium was added, introducing 0,04 per cent, of aluminium and 0.1 per 
cent. of silicon, It appeared to lessen the evolution of gas, and in 
23 minutes the iron was perfectly still, and when poured 3 minutes 
later lay quiet in the mould like cast-iron, In all of Davenport’s 
experiments with molten iron, the addition of aluminium seemed 
*to check the evolution of gas. We cannot say that Mr. Howe's 
ion is impossible, yet it is very improbable, because one of 
the laws of solution of gases in liquids is that when a liquid has 
dissolved as much of one gus as it is able, it will yet take up as 
much of another gas as if the first were not present.* If, then, 
we have the case of solution of gases in molten iron, the removal 
of one gas would not affect the amount of any other gas which 
the iron might take into solution. When wrought-iron is boiling 
the canse is that carbon present (perhaps that still left in the 
metal, but more probably the graphite of the plumbago erucible) 
is reducing the dissolved ferrous oxide and forming carbonic oxide, 
To explain the action of the alamininm in stopping this ebullition 
it i not necessary to suppose that it gives the iron increased 
power of retaining in solution the gases which are escaping (Howe's 
explanation), nor yet that it reduces the carbonic oxide gas as it 
forms, which reaction might take place, but simply that it reduces 


* Deschancl's Natural Philosophy, pp. 189, 183. 
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firm, Messrs. P. & W, MacLellan, Glascow. He took a charge 
of 373 Ibs, of No. 4 forge pig-iron, charged it into the usual type 
of pnddling-furnace, and when nearly melted threw in an ingot 
of ferro-aluminiam which weighed 13 Ibs., contained 7.11 per 
cent. of alaminium, and so introduced 0.25 per cent. of alu- 
minium into the bath. The operation of puddling then went on 
as usual, and with no noticeable change, except that when the 
charge was just getting pasty it suddenly swelled up consider- 
ably, slag flowed from it abundantly, and the charge was very 
soon ready for balling, In the shingler and rolls the balls worked 
decidedly stiffer than usual, The result was very satisfactory. 
The ordinary iron averaged 22 tons tensile strength, with 12 per 
cent. elongation, The aluminium-treated iron showed 31 tons 
tensile strength and 22 per cent. elongation, being gains of 40 
and 80 per cent, respectively. These bars stood the bending test 
perfectly, and when polished and cut showed a remarkable fine 
surface and close grain. They also forged satisfactorily. 

Tf the above reports are to be relied on, this subject deserves 
looking into by every puddling-mill manager desirous of im- 
proving the quality of his iron. 


Txrivence or Anumixrom on Cast-Iron. 


Very early in the history of aluminium, away back in 1858, 
the Tissier Bros. suggested the possibility of this application of 
alominium by saying: “ When aluminium has become low in 
price, it will be interesting to see what qualities it can communi- 
cate to cast-iron, introduced in large or small quantities.” This 
suggestion does not appear to have led to any experiments in this 
line until after 1885, when the discovery and publication of the 
mitis process turned many experimenters toward the determina- 
tion of the effect of aluminium on cast-iron. In April, 1886, 
Mr, Sellers, of Philadelphia, remarked at the Washington meet- 
ing of the National Academy of Science that he had made a 
series of experiments on the use of aluminium with iron in cast- 
ing, with the result that the castings produced were very sharp 
and without any flaws. In December, 1887, the Williams Alu- 
minium Company, of Boston, began pushing the sale of an alloy 
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While there have been many testimonials from’ practical men 
‘as to the benefits derived from the use of ferro-aluminium, testi- 
monies so numerous that the fact of benefit has become indispu- 
table, the only systematic investigation of this subject is that 
made by Mr. W. J. Keep, of the Michigan Stove Company, 
Detroit, with the co-operation of Prof, ©. F, Mabery and L. D, 
Voree. Their results are embodied in two quite lengthy papers, 
‘one read before the American Association for the Advancement 
of Science at their Cleveland meeting, August 17, 1888, the other | 
published in the Transactions of the American Institute of 
Mining Engineers, December, 1889. As we shall quote many 
of the results given in these papers, we will first explain the | 
methods employed in pursuing the investigation. 

Two kinds of iron were used, having the following composi- 





tion — 

Whitetron, Gray tron, 
ME se se tn AED 1.249 
Phosphorus. eee (04263 0.084 
Bargin’, 5% ks (2 +) 9.08L 0.040 
Manganese. 6 ews 0,092 0.187 
firaphitic carton... (0,98 3.22 
Combined =“ = > & R03 0.33 


Total L . : 2.980 3.560 


The ferro-aluminium used contained 11.42 per cent. of alu- 
minium and 3.86 per cent. of silicon. The melting was done in 
a covered plumbago crucible, and the melt was run into test-bars 
one foot long, some having a section } inch square, others 1 inch 
wide and jy inch thick. The ferro-aluminium was added to the 
molten iron, the smallest quantity first, and, after casting, part of 
this first cast was remelted with more ferro-aluminium, and so on, 
Another geries of heats was made under exactly the same con- 
ditions bat without adding aluminium, these tests serving for com- 
parison and determination of the true effect of adding the ferro- 
aluminium. The general plan of the tests consisted in adding 
0.25, 0.60, 0.76, and 1.00 per cent. of aluminium to the white 
iron, and 0.25, 0.50, 0.75, 1, 2,3, and 4 per cent. to the gray 
iron, the test-bars being examined carefully as to strength, shrink- 
age, ete., and comparison made with the corresponding remelt of 
the iron alone, 
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‘Warrs Inox, Guar Inox. 
Peveinge st 

‘aluminiom Dead wt —sImpaet. Dead wt. Impect. 
0.25 32.5 82.8 (2.5) —(15.5) 
0.50 128.0 291.0 (8.9) 44.0 
0.75 113.6 240.0 5.8 23.0 
1.00 117.6 350.0 24 30.0 
2.00 - - —(10.4) 29.0 
3.00 - - 4.6 11.0 
4.00 - = 15.8 130.0 


Since for every 1 per cent. of aluminium added, 0.34 of silicon 
was contained in the ferro-aluminium, the question very naturally 
occurred, how much of this benefit was due to the silicon. Tests 
were therefore made on this point, proving the part taken by the 
aluminium. The figures show the percentage increase in strength, 
as in the former tables. 








Addition, Dead wt. 
1 per cent, aluminium in ferro-aluminium . . 117.6 
Cast-iron introducing the same quantity of silicon 126.8 
1 per cent, of sluminium as pure aluminium . 141.7 156.5 


The conclusions to be drawn are, therefore, that while the sili- 
con in the ferro-aluminium is sufficient to explain the increased 
resistance to a dead weight, yet the increase in resistance to im- 
pact is clearly due in large part to the aluminium, 

Elasticity.—The closing of the grain of the iron on treatment 
with ferro-aluminium caused the iron to be less brittle, or more 
elastic. The deflection of the different specimens for a fixed 
weight was measured, and the increase in deflection was found to 
be (in perecentages)— 





Percentage of aluminium, — White tron. Gray tron, 
0.25 31 125 
0.50 89 116 
0.75 100 147 
1.00 153, 133 
2.00 _- 133 
3.00 a 194 
4.00 - 193 


To distinguish the effect due to the silicon added, tests made 
with silicon and aluminiu'm alone showed increased deflections as 
follows :-— 
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Adalcion. 
‘J per cent. of aluminium in ferro-aluminiam .  . 6. 183 
Csatiron an equal quantity of silicon, 6 yo 
‘I per cont. of aluminium as pure aluminiam . , + 100 


Tt is thus proved that the increased elasticity ie aeuinoe 
minium, caused, as Mr. Keep believes, by a very uniform distri- 
bution of the graphitic carbon when aluminium is the element 
precipitating it, a phenomenon to be examined farther on. 

Effect on the grain.—Mr, Keep found that the addition of 
ferro-alominium made the grain of the iron decidedly darker, 
caused by the separation of more carbon as graphite. It is well 
known that silicon acts in the same direction, but Keep’s first im- 
pressions were that the separation of graphite took place much 
nearer to the setting point of the iron than he had ever observed 
to result from silicon acting alone. A check test, adding cast- 
iron without alomininm, confirmed this impression; for in- 
stance, 


Whitestrom, 


Addition, (Deseription of fracture.) 
oe » White, 
0.25 per cent. aloreciitam os :frr-alumintum . A few gray spooks. 
0.60" “ “ + Light gray. 
Om “ “ “ . Gray. 
1.00 “ “ “ Dark gray. 
Cast-iron containing an teins eae of silloon [epecks. 
to proceding . White—a few gray 


700 percents aluminiom as pore aluminium . Dark gray 


‘The comparisons made show that aluminium is undoubtedly 
active in changing combined into graphitic carbon ; from a com- 
parison of the analyses of the above tests it appears that it is even 
more powerful than silicon in accomplishing this result, since 
0.25 per cent. of aluminium (with 0.20 per cent. of silicon) seems 
to give a fracture identical with that produced by 0.62 per cent. 
of silicon alone, 

Mr. Keep notices that the separation of the graphite seems to 
take place instantaneously just as the iron is about to set, and 
not before, the result of which is that there is very little oppor- 
tunity for any gathering together of the graphite into soft spots 
in the casting, and also that no matter how quickly the iron sets 
the graphite will be mostly separated out, and thus the iron chills 
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less. This effect is very noticeable in gray-iron, where the first 
addition of 0.25 per cent. of aluminium as ferro-aluminium de- 
creased the depth of chill fully one-half and slightly darkened the 
fracture, subsequent additions of two, three and four times as 
much reduced the chill to nearly nothing, while with 2 per cent. 
of aluminium added, the drop of the graphite was so nearly instan- 
taneous that no chill was visible. 

Fluidity of the iron.—The general conclusion from Mr. Keep’s 
tests is that, with white-iron, small additions of aluminium, such 
as would be used in ordinary foundry practice, increase slightly 
the fluidity; one-half per cent. of aluminium and over decreases 
the fluidity. Gray-iron is rendered decidedly less fluid by any 
addition of aluminium. Mr. Keep notices a peculiarity of cast- 
iron containing aluminium which is similar to that we have 
remarked in pure aluminium (p. 350); viz., that as the metal 
flows it seem to have a skin in front of it, causing it to run with 
a very thick edge, and if two currents of this iron come together 
in a mould, they are apt not to unite but to simply chill without 
union, 

Shrinkage.—Mr. Keep measured carefully the shrinkage of the 
different specimens of aluminized cast-iron. The general con- 
clusion was that aluminium reduces the shrinkage if enough of 
it is added. The following table shows the reduction in the 
shrinkage, in percentage of the original shrinkage, under the 
different conditions— 


Repccrion oF SHRINKAGE (per cent.) 








Wurre-inos. GRay-1RoN, 
Percentage of 
aluminium Square bar. Thin bar. Square bar. ‘Thin bar. 
0.25 —(4) —() 0 14 
0. 0 —(4) —@) 4 
0.75 16 —(4) 4 4 
1.00 21 =) 9 16 
2.00 - - 19 16 
3.00 - - 34 16 
4.00 - - 28 26 


It will be noticed that, particularly with the square bar, the 
first two additions of aluminium have very little effect either 
way, but that with subsequent additions the amount of shrinkage 


is reduced 5 to 30 per cent. Mr. Keep thinks that this behavior 
is dependent on the action of the carbon ; that the small amounts 
of aluminium are chiefly active in closing blow-holes and giving 
fonndness to the casting, but the larger amounts have a noticeable 
influence on changing combined carbon into graphite, and that 
the increased deposition of graphite just as the metal sets increases 
its volume and decreases the amount of shrinkage. 

Hardness —The indications from Mr. Keep’s tests are that alu- 
minium of itself hardens cast-iron, but, by its influence in chang- 
ing combined carbon into graphite it indirectly renders the iron 
softer. It was noticeable that if an iron cast with soft spots, the 
parts in between being hard, that the addition of aluminium 
caused the graphite to be dropped so near to the setting point 
that it had no opportunity to collect into spots, and was therefore 
uniformly distributed, rendering the iron uniformly softer. 

Aside from the above determinations, many testimonials could 
be qnoted from practical iron founders as to the practical benefit 
to poor iron gained by adding ferro-alaminium. Perhaps one of 
the most striking results is the increased time which the alumin- 
ium-treated iron will remain molten, For instance, Mr. Keep 
found that 0.02 per cent. of aluminium added to a ladle of iron 
caused it to keep fluid 5 minutes, while a similar ladleful of the 
same metal without aluminium became solid in 2} minutes. ‘This 
property of keeping fluid longer is of direct usefulness in a 
foundry where it is necessary to ran a large number of small 
castings, during which operation there is usually much trouble 
experienced in keeping the iron fluid unless it was very hot to 
start with. I am quite assured of the fact that the addition of a 
yery small amount of aluminium does have the effect described 
above, A friend of the anthor’s described an experiment in 
which a Jarge ladlefil of iron was tapped from a cupola and 
taken for pouring about 200 yards, partly through the open air, 
The iron was not hot enough to fill the moulds satisfactorily. 
Another ladleful, similar in all respects, was tapped immediately 
after, some ferro-aluminium being placed in the ladle. This iron 
was taken to the same place for casting, filled the moulds per- 
feetly, and when brought back to the cupola the metal left in the 
Jadle was still fluid enough to make good castings, I have heard 
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some intimation as to the presence of any of the heavy metals in 
any considerable quantity, Thus, 5 per cent, of silver increased 
the specific gravity from 2.65 to 2.8, 6 per cent, of lead from 
2.75 to 2.9. This test is not, however, of much value, since, 
because of the very low specific gravity of aluminium, small 
amounts of heavy metals have only a small influence in increas- 
ing it, while silicon, an impurity most likely to be present, is 
lighter than aluminium (specific gravity 2.35), and therefore neu~ 
tralizes to some extent the effect of the heavy metals, However, 
in commercially pure aluminium, containing only iron and silicon, 
the specifie gravity can be made useful in indicating the amount 
of iron present within rather wide limits—say within 1 per cent. 

Another test of somewhat similar utility would be that given 
by Fr. Schulze.* He proposes to dissolve the aluminium in 
caustic alkali and measure the volume of hydrogen set free. If 
the metal contains no zine, this volume will be approximately 
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proportional to the amount of aluminium in the metal. Thus, }- 


gramme of one specimen gave 648 cubic centimetres of hydrogen, 
a similar weight of another, 580 cubic centimetres. These figures 
are then taken as expressing the relative purity of the two sam- 
ples. In an aluminium works where a quick, approximately 
accurate test is needed, which can be made, if need be, by a person 
not necessarily a skilful chemist, and which is applied to testing 
samples of nearly the same composition, this test would appear 
to be of practical utility. 

Determination of silicon.—Deville recommended the following 
method : “ Dissolve in pure hydrochloric acid and evaporate to 
dryness ina platinum dish. The evaporation to dryness is indis~ 
pensable in order to render insoluble the quite important quantity 
of silica which is kept in solution by the presence of the acid. 
‘There remains an insoluble residue consisting of silicon, silicon 
protoxide and silica, which is washed by decantation with hot 
water and thrown on toa filter. This mixture of siliceous material 
calcined with the filter ina platinum dish at a low tem- 
re. A little flame may often be seen coming from different 

the mass, caused by the production (at the expense of 










* Wagner's Jahresboricht, x. 23. 
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for dissolving the aluminium. Graphitoidal or erystalline silicon 
is dissolved by hot potash solution, the combined silicon will be 
dissolved, and if the nascent hydrogen forms for an instant any 
silicon hydride—as it does when acid is used—this gas is at once 
decomposed by the alkali solution. The result is that if alumin- 
ium is attacked by hot potash solution, all the silicon present is 
oxidized and none lost. The solution of the aluminium should 
take place ina silver or platinum dish or cracible, a porcelain | 
dish, however, is very slightly attacked, but glass should not be 
used. Care should be taken that the solution of caustic does not 
contain alomina or silica. After solution is complete, the liquor 
is filtered from any residue, hydrochloric acid is added until the | 
reaction is acid, the bath evaporated to complete dryness until no 
smell of acid is perceptible, then moistened with a little hydro- 
chlorie acid to dissolve any alumina formed, water added and the 
whole bronght to boiling. The silica is then filtered out, dried, | 
ignited, weighed and calculated to silicon, 
Determination of iron (and aluminiwm).—Deville’s method of 
procedure was as follows: “The metal is dissolved in pure 
hydrochloric acid, evaporated to complete dryness in a platinum 
dish, and the insoluble, siliccous materials filtered out, The 
solution is mixed with a large excess of nitric acid, evaporated in 
a porcelain dish covered by a glass, thus converting the bases into 
nitrates, which are then transferred to a platinum dish, Here 
the solution is evaporated to dryness and calcined lightly on the 
sand-bath, the dish being covered, until abundant vapors of nitric 
acid rise from all parts of the mass, Cool, and moisten with a 
solution of ammonium nitrate containing free ammonia. Heat 
until all odor of ammonia has disappeared, take up with water, 
and separate by decantation all soluble matter. (Decanting for 
greater precaution on to a filter.) The solution obtained contains 
all the sodium which was in the aluminium (see Determination of 
Sodinm), while the insoluble residue is a mixtare of aluminium 
and ferric oxide. This is heated to redness in the platinum dish 
which contains it, and transferred in whole or part into a tared 
platinum boat, where if is weighed, (It is best to make all these 
weighings with the boat inclosed ina glass tube closed by the flame 
at one end, and at the other by a well-fitting cork. ‘The tube 
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crucible, when potassium aluminate will be formed, and on boil- 
ing the mass with water and filtering, the ulkaline fluid will con- 
tain the aluminium, while the residue will be ferric oxide contain- 
ing some potash. 

Tf a solution has been prepared containing only iron and alu- 
minium (lead, zine, copper, ete., having been separated out) many 
methods have been proposed for separating these two elements. 
‘The best known is to make the solution nearly neutral and then 
pour gradually into excess of pure caustic potash solution heated 
nearly to boiling in a platinum or silver dish. The iron is pre- 
cipitated, while aluminium remains in solution, The details of 
this test can be found in any treatise on quantitative analysis. Tt 
is not to be relied on in many cases, especially for determining a 
small amount of aluminium in presence of much iron, since it is 
always probable that some aluminium is retained by the iron 
precipitate. Dissolving the iron hydryoxide and reprecipitating 
will partially correct this. Solution of caustic soda is more apt 
than caustic potash to contain alumina, and so give aluminium 
results too high. In either case, the alkaline solution of potas- 
sium or sodium aluminate is heated nearly to boiling, and mixed 
with a lange excess of ammonium chloride, when the alumina is 

The method most frequently used to separate ferric oxide from 
alumina is to weigh the two oxides together, then dissolve in 
concentrated hydrochloric or sulphuric acid, reduce the solution by 
any suitable reducing agent (zinc, eulphurous acid gas, ete.) and 
determine the amount of iron present by titration with potassium 
permanganate or bichromate solution. These results are suffi- 
ciently accurate if the proportion of aluminium is not small ; 
when the latter is the case, as in ferro-dluminium, other methods 
give more satisfactory results, and are given further on in con- 
sidering the analysis of ferro-aluminium, 

The solution of the aluminium to be tested in caustic alkali 
offers the quickest method of separating out the iron, for the alkali 
dissolves out all the aluminium and leaves iron in the residue, 
‘The best way to conduct this method of analysis is to roll out 
the aluminium into a thin sheet, put in moderately concentrated 
alkali and allow it some time to dissolve. On filtering, the 
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Determination of tin.—Solution of the aluminiam in hot nitric 
acid will leave the tin as insoluble metastannic acid. This re- 
sidoe is washed and treated with warm, dilute hydrochloric acid, 
which dissolves the tin compound and leaves the silica. The tin 
is then thrown down in the solution of stannic chloride by any 
of the ordinary methods of precipitation, preferably by sulphu- 
retted hydrogen. The stannic sulphide is ignited gently, moist- 
ened with nitric acid, ignited more strongly, and the tin weighed 
as stannic oxide, 

Determination of silver —Dissolve the aluminium in weak aqua 
regia, dilute and filter out the siliceous residue which will contain 
also all the silver as chloride. Wash carefully, and then dissolve 
out the silver salt with concentrated ammonia, On neutralizing 
the ammoniacal solution with nitric acid, the silver chloride is 
again precipitated, washed by decantation, dried at 250° to 300°, 
and weighed. 

Tf the aluminium is attacked with caustic alkali, the silver 
will remain in the residue. This is washed, filtered, and treated 
on the filter with dilute nitric acid, which dissolves the silver. 
The solution of silver nitrate is precipitated by hydrochloric acid 
or sodium chloride, and the operation finished as before. 

Determination of sodium.—In the first steps of the determina- 
tion of iron, as given by Deville (p. 473), a solution was obtained 
free from iron and aluminium, and containing all the sodium 
which was in the aluminium tested. Deville deseribes the esti- 
mation of the sodium in this solution as follows: “’lo the solu- 
tion is added a drop of ammonium oxalate, which sometimes 
precipitates a trace of calcium, indicative of the presence of fluor- 
spar in the slag with which the metal may be impregnated, After 
filtering (if necessary) evaporate to dryness ina weighed platinum 
dish, cover and heat to 200° or 300°, to decompose the ammon- 
fom nitrate. Nitrate of soda remains. ‘This is moistened with 
water, and on it are placed several crystals of oxalic acid, Dry, 
caleine, and there remains sodium carbonate, which is often im- 
pregnated with a little carbon from the decomposition of the 
oxalate of soda. Dissolve the residue in water; if not clear, 
filter. Mix the solution with a little hydrochloric acid, evapo- 
rate to dryness, heat to 200°, and weigh as sodium chloride.” 
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phosphorus, ete., are made the same as in steel or pig-iron. The 
only point offering special difficulty is the accurate determination 
of a small amount of aluminium in presence of a large amount of 
iron. For doing this, the ordinary methods do not give satisfac~ 
tory results. Thus, when determining the iron volumetrically 
and the aluminium by difference, it is almost impossible to get 
concordant results. When separating by caustic alkali, the re- 
sults in aluminium are too low; for the iron precipitate being 50 
abundant, carries much aluminium down with it, Also, a large 
amount of canstic alkali must be used, and since it sometimes 
contains alumina, considerable error may be thus introduced, 
Supposing that the alloy has been dissolved in acid, silica 
separated out and a solution containing only iron and aluminium 
obtained to work with, we will take up the various methods pro- 
posed to determine accurately the smal! amount of aluminium, 
Mr. H, N. Yates analyzed several hundred specimens of ferro- 
aluminium, and found that the caustic alkali separation gives alu- 
minium too low, and is unreliable; the method of weighing the 
two oxides together and afterwards determining the iron yolu- 
metrically with potassium bichromate gives pretty fair results 
with aluminium from 1 to 19 per cent. ; but, with less than 1 per 
cent,, as in steels, the most satisfactory results were obtained by 
the sodium thiosulphate separation. This latter is known as 
Chancel’s separation, and is operated as follows: The solution is 
neutralized with sodium carbonate, made dilute, solution of sodiam 
thiosalphate (hyposulphite) added and the liquid boiled until no 
more sulphurous acid is disengaged. All the alumina is precipi- 
tated as hydrate, with free sulphur, which may be washed, dried, 
ignited and weighed as alumina. The boiling until all sulphur 
smell is gone is a tedious operation, and the following modification 
is said to give equally accurate results: To the slightly acid s0- 
Intion, sodium thiosulphate is added more than equivalent to 
the amount of free acid present. The liquid is then boiled ina 
flask 10 to 15 minutes. The precipitated alumina is in a fine, 
granular state, easy to wash. The liquor is rapidly filtered, the 
precipitate washed with boiling water, dried, ignited and weighed. 
A great disadvantage of the foregoing method is that any phos- 
phoric acid present in the solution will be precipitated with the 
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A method of separation which has given the author satisfactory 
results where the caustic alkali and even the sodium hyposulphite 
separations were unsatisfactory is the following :* To the cold, 
concentrated and slightly acid solution add an excess of solid 
sodium bi-carbonate in such quantity that after stirring a little 
remains undissolved and all the iron appears to be thrown down. 
Now add solution of potassium cyanide until the precipitate dis- 
solves, then heat gently until the yellow color of potassium ferro~ 
eyanide is produced, Add a few drops of caustic potash to the 
somewhat turbid solution until it is perfectly clear; then add 
excess of ammonium chloride and boil. Aluminium hydrate is 
precipitated free from iron, nickel or cobalt, As an analytical 
operation this method works very satisfactorily, care must be taken, 
however, in handling such large quantities of the very poisonous 
potassium cyanide, 

Tt has been stated that if an excess of tri-methylamine is 
added to a dilute solution containing iron and aluminium, and 
Jet stand twenty-four hours, all the iron is precipitated and all 
the aluminium remains in solution.+ The accuracy of this sep- 
aration has not been thoroughly tested. 

A, A. Blair recommends the determination of aluminium in 
iron and steel (when it occurs in very small amount) by the direct 
separation of ferric oxide from alumina, the method used being 
as follows: Dissolve the iron in strong hydrochloric acid, in a 
flask provided with a valve, thus keeping out air and allowing 
the iron to dissolve in the ferrous state. Neutralize with sodiam 
carbonate, cool, dilute, add “ milk” of barium carbonate, let stand 
several hours, the flask being meanwhile well stoppered, and filter, 
‘The precipitate consists of all the alumina, ferric oxide, chromic 
oxide, phosphoric acid or titanic acid mixed with the graphite and 
insoluble silica of the alloy. Wash well, treat with dilute hydro- 
ehlorie acid, boil the solution with a slight excess of sulpharic 
acid, to precipitate the barium in the solution. Settle, filter, wash 
with hot water and concentrate the solution by evaporation. To 
separate the iron from the aluminium, add citrie acid to the 


* Chemioal News, March 29, 1888. 
} Zeitachrift fUr Anal. Chemie, xxiv, part 5. 
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of the preceding chemical methods, and is not difficult of applica- 
tion. 


Dr, Classen gives the following method of procedure * The 
solution may contain iron, cobalt, nickel, zine, and aluminium. 
‘The solution of their sulphates is made very nearly neutral with 
ammonia and an excess of ammonium oxalate added, so that 
there are 2 or 3 grammes of this salt present to every 0.1 gramme 
of oxides. When the solution is not above 40° C. (its volume is 
best 150 to 200 c.c.) it is electrolyzed with a current not exceed- 
ing 10 or 12 cc. of oxyhydrogen gas per minute. If the cur- 
rent is stronger than this, alumina may be precipitated. If the 
amount of aluminium is not greater than that of the iron (and 
other metals), this method gives accurate results. The solution 
remaining is evaporated to dryness, heated gently to decompose 
the aluminium salts, and finally ignited strongly to alumina, 

Prof. Edgar F. Smith gives an electrolytic method which for 
acotrncy leaves nothing to be desired.t The solution of the sul- 
phates is made dilute, and about 10 per cent. of sodium citrate 
and a few drops of citric acid added to it. This is clectrolyzed 
with a current of about 12 ec. oxyhydrogen gas per minute, 
using platinum electrodes. The deposit of iron is firm, and is 
washed successively with water, alcohol, and ether, and weighed. 
Tf the iron and aluminium have been already determined together, 
the aluminium can be calculated by difference. If it is desived to 
weigh the aluminium directly, the citric acid solution must be 
evaporated to dryness, ignited to drive off organic matter, dis- 
solved in acid, and the alumina precipitated by ammonia or 
ammonium sulphide. 

The author would suggest the following method of determin- 
ing iron and aluminium, which can be quickly executed, and if 
done carefully, gives tolerably accurate results: Divide the solu- 
tion into two equal parts. In one part, precipitate the iron and 
aluminium by ammonia, and weigh their oxides, In the other 
part, precipitate with ammonia and ammonium sulphide, well 
washing the precipitate, and igniting with sulphur in a Rose 


* Quant, Chem. Analyse durch Electrilyae, p. 79. 
{ American Chumioa! Journal, 1888, p. 330, 
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direetly in the presence of iron and aluminium by using a sul- 
phuric acid solution with only two or three drops of free nitric 
acid present. The precipitation of copper by the battery is ad- 
visible in many respects, since the copper issimply removed from 
the solution without leaving any reagent behind it, and the other 
metals can be easily separated out of the solution remaining, 

Ifthe copper has been removed, either by sulphuretted hydro- 
gen or by the battery, the solution contains only iron, alumin- 
ium, zine, nickel or manganese. In the first case, it must be oxi- 
dized by a little nitric acid and the precipitated sulphur separated 
out, The metals remaining can be separated in several ways, the 
best, however, is to precipitate the iron and alaminium as basic 
acetates. To do this, the solution is neutralized with carbonate 
of soda until a faint precipitate forms which redissolves only after 
two or three minutes’ stirring. Dilute, add about 4 per cent. of 
acetic acid and excess of sodium acetate. Boil two or three min- 
utes and then let the precipitate settle. Wash quickly with boil- 
ing water containing a little sodium acetate. The filtrate contains 
all the zinc, manganese, cobalt or nickel which were in the so- 
Jution. The precipitate can be dissolved in dilute hydrochloric 
acid and the iron and aluminium separated by any of the methods 
already given. The filtrate may be evaporated to dryness, taken 
up with hydrochloric acid, sodium carbonate added till a per- 
manent precipitate just forms, and then a drop or two of hydro- 
ebloric acid added to re-dissolve this precipitate. On passing sul- 
phuretted hydrogen through the solution the zine is precipitated 
as sulphide, while any manganese, nickel or cobalt present re- 
main in solution. When all the zine is precipitated, allow to 
stand twelve hours, filter, wash with sulphuretted hydrogen 
water, re-dissolye in hydrochloric acid and throw down the 
zine a8 carbonate by sodium carbonate and ignite to oxide; or, 
the zine sulphide may be mixed with sulphur, put in a Rose 
erucible and ignited in a stream of hydrogen sulphide, It is in 
this case weighed as sulphide. 

Tf the solution from which the zine has been precipitated and 
filtered out be made strongly acid with acetic acid, and excess of 
sodium acetate added, sulphuretted hydrogen may be passed 
through again and will precipitate nickel or cobalt sulphides. 
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suggested in the beginning of this chapter—blow-pipe tests, wet 
tests, ete—be always made preparatory to the quantitative 
analysis ; and then, knowing what is present and which elements 
it is desired to estimate and which to neglect, the method of 
attack and analysis should be decided on, Half an hour spent 
in making qualitative tests and ten minutes in reflection as to the 
best method of analysis to adopt, will often save several hours of 
unnecessary work and frequently prevent the exasperating neces- 
sity of having to stop an analysis and start over again, 
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